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1.1	 Although the majority of the studies in progress have not been completed the project 
is on schedule. Further field work is involved in several of the studies and will be 
discussed at the Technical Sub-Group Meeting 16 April 1997. Accordingly, the 
present document is a presentation of the current state of the various studies 
involved. 
1.2	 The principle change in emphasis from the initial project design has been that the 
Ecological Indicator Values for species (Ellenberg scores) have superceded the 
suggested approach of extracting information from individual previous studies, such 
as the Park Grass experiment. The results presented here demonstrate that these 
values, originally produced by Professor Ellenberg in central Europe, but now 
modified for British vegetation in this project, define the major determining factors 
which control British vegetation. The strength of the correlations are such that the 
understanding of vegetation change is greatly facilitated. There is inevitably a 
considerable degree of overlap between the results of Modules 1 and 2 and those 
reported in this document. The separation has been made according to the 
discussions held during the Technical Sub-Group Meetings for Modules 1 and 2. 
Nevertheless, to make the necessary point that the Indicator Values were derived 
under Module 6, their derivation is included in the present document. 

2.	 ECOLOGICAL INDICATOR VALUES OF 
BRITISH SPECIES: AN APPLICATION OF 
GAUSSIAN LOGISTIC REGRESSION 
This paper describes the derivation ofthe Indicator Values. 

Ecological indicator values of British species: 
an application of Gaussian logistic regression 
Roy, D.B. 1*,Hill, M.O. I , Rothery, p.I & Bunce, R.G.H.2 
'Institute of Terrestrial Ecology, Monks Wood, Abbots Ripton, Huntingdon, PEl7 2LS, UK; 
2/nstitute of Terrestrial Ecology, Merlewood Research Station, Grange-over-Sands, Cumbria, 
LAll 6JU, UK; 
"Authorfor correspondence; Fax +44 148 7 773467; E-mail d.b.roy@ite.ac.uk 
Abstract. In a large ecological survey of Britain, 13841 quadrats were sampled in 508 l-km 
squares. The quadrats included 1132 species of vascular plants, of which 643 occurred in 10 or 
more quadrats. Applying the method ofTer Braak & Gremmen (1987) to data from this survey, 
ecological optima and tolerances of species were estimated for Ellenberg's seven ecological 
indicator variables. Although a few species lacked optima for some variables, most optima were 
within the range of the original scales. Optima showed a strong positive relation to original 
values, but the resulting scale was compressed. Tolerances showed very little relation to the 
original scales. Because the scale of the optima is compressed relative to the original scale, the 
method is not directly suitable for repredicting indicator values for a new geographical region. 
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Introduction 
ElIenberg's indicator values have been widely used to summarize the habitat preferences of 
vascular plants in Central Europe (Ellenberg 1988; Roo-Zielinska & Solon 1988; Thimonier et 
al. 1994; Wittig & Durwen 1982). These indicator values, sometimes known by their German 
name 'Zeigerwerte', allow each species to beplaced on a scale according to its response to certain 
climatic and edaphic factors in the field. Ellenberg values define the realized niche of plants, not 
their fundamental niche (Thompson et al. 1993). They have been widely used in Germany 
(Ellenberg et al. 1991) and the Netherlands (Melman et al. 1988; Van der Maarel et al. 1985). 
In Britain, indicator values have been less widely used, but can undoubtedly be useful in some 
contexts (Hill & Carey 1997; Sparks et al. 1996). A major attraction of them is that they can be 
used to monitor change in the countryside, particular when data from large repeated surveys are 
available (Thimonier et al. 1994). Doubts about the value of Ellenberg values outside Central 
Europe may have prevented them from being used more. They must inevitably become less 
reliable as one moves away from the region for which they were developed (Van der Maarel 
1993). Not only will new species be represented (rather a small number of such in Britain), but 
species' preferences will change. 
Thompson et al. (1993) have suggested that the ecological optima of species are dependent on 
the presence or absence of potential competitors, which change with geographic location. The 
ecological amplitude of species may also be narrower at the edge of their range; for example, 
Hedera helix, widespread and often growing as a liane in Britain, becomes restricted to the 
ground in parts of Europe with colder winters (Iversen 1944). 
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Ellenberg et al. (1991) recommended testing or calibrating indicator values in other regions. For 
countries where this has been attempted, there is good agreement with original values (Diekmann 
1995: Van der Maarel 1993). For the purposes of monitoring changes in the British countryside, 
a standardized set of British values would be useful. Ter Braak & Gremmen (1987) have 
suggested that a technique based on Gaussian logistic regression could be used to extend the 
original values to a new area. We have tested their method on British data. 
Data and methods 
The Countryside Survey 1990 
Countryside Survey 1990 (hereafter referred to as CS90) was a comprehensive survey of the 
British countryside, conducted in 1990 (Barr et al. 1993). A stratified random sample of 508 1-
km squares was drawn from 32 relatively homogeneous strata called 'Land Classes'. In each 1-
km square, records were made of land cover, landscape features, habitats and vegetation. The 
vegetation data are used here. Three plot types were used to record vegetation: (1) main plots 
placed at random throughout the l-km squares; (2) linear plots placed along hedgerows, streams 
and verges; and (3) habitat plots targeted to provide additional information on areas of semi-
natural vegetation (Table 1). 
Indicator values 
Indicator values were taken from the standard published source (Ellenberg et al. 1991), which 
provides scores for the large majority of species found in Britain. Ecological indicator values are 
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available for seven scales, here given their German initials: L light, T temperature, K 
continentality, F moisture, R reaction (pH), N nitrogen, S salinity. Using data from the Park 
Grass Experiment, Hill & Carey (1997) have already shown that the indicator values for N are 
as much an indication of overall productivity as of nitrogen. 
Gaussian logistic regression 
Ter Braak and Looman (1986) proposed Gaussian logistic regression as a means of estimating 
ecological indicator values and amplitudes of species, given a series of samples with measured 
values of an ecological variable and data on species' presence or absence. Simulations have 
shown this method to be generally more reliable than simple weighted average of presence-
absence data alone. The response of a species describes the probability, p(x), that the species 
occurs as a function of an environmental variable x. The Gaussian-logit curve models the 
presence-absence response of a species: 
where u is the species optimum or indicator value (the value of x with highest probability of 
occurrence) and t is its tolerance (a measure of ecological amplitude). The parameters bo, b I and 
b2 can be estimated by logistic regression to obtain the following:-
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tolerance t =I / J(-2bi.) ; 
maximum probability Pmax =p(u) =1/[1+exp(-bo-b1u-b:.u2) ] • 
The Gaussian-logit response curve is bell-shaped and symmetrical, and therefore its optimum is 
identical to its mean. Gaussian logistic regression was performed by the statistical package 
Genstat (Genstat 5 Committee 1993). 
Reprediction of indicator values from an existing set 
An iterative procedure using the Gaussian-logit model has been used to determine the amplitude 
of plant species responses and to test the internal consistency of Ellenberg's indicator values for 
moisture in the Netherlands (Ter Braak & Gremmen 1987). For any ecological indicator 
variable, the procedure consists of two steps. 
(1) For each sample quadrat, calculate the mean indicator score for those species which have an 
initial ecological indicator value. 
(2) For each species, use Gaussian logistic regression to calculate an optimum and tolerance, 
based on the quadrat means defined at stage 1. 
The essential feature of this method is that it treats the mean values of species indicator values 
as if they were the value of a measured variable. The method was applied to CS90 data as a 
means of extending Ellenberg's ecological indicator values to Britain. 
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If the optimum lies outside or near the edge of the sampled range, the optimum is poorly 
estimated. When testing the Gaussian-logit response of species to Ellenberg indicator scales, the 
sampled range was restricted to the original range of the indicator values. In cases where the 
optimum lies outside the range of the indicator variable, the response curve is said to be truncated 
and a sigmoid curve (linear logit curve) is fitted. 
Results 
Distribution ofquadrat indicator values 
The distribution of quadrat indicator values (stage 1 of the reprediction procedure described 
above) differed widely between the indicator variables (Fig. 1). The variables L, T, K and F 
showed a simple unimodal pattern. Light values, L, had a negative skew, corresponding to the 
fact that low-light conditions are relatively rare in the British countryside, which is poorly 
wooded. 
Both R and, especially, N showed a bimodal pattern of variation. This reflects the two types of 
countryside present in Britain, namely the intensively-used land of the lowland zone and the 
extensive, mostly acid countryside of the uplands. 
High S values are rarely found in the British countryside except on the coast. It is perhaps 
surprising that there was an apparently unimodal distribution of S values. It should be noted that 
the mode falls at 0.2, which does not indicate salty conditions, but merely that at least one species 
of plant present has some salt tolerance, at least in coastal ecotypes. 
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Categories of response 
In total, 1132 vascular plant species were recorded in the vegetation data, of which 643 occurred 
in la or more quadrats (Table 2). The most common species, Holcus lanatus, occurred in 5855 
quadrats, 43% of the total. 
Species responses can be listed in six categories (Table 2). The significance of an optimum can 
be judged by whether the quadratic coefficient b2 is significantly less than O. The majority of 
species optima were significant at the 5% level (Good optima) or non-significant but with 
negative b2 and estimated optimum falling within the range of Ellenberg values (Weak optima). 
For many species, such as Cirsium vulgare (Fig. 2) a significant optimum was estimated for each 
Ellenberg scale. 
For a few species, the fitted optimum was beyond the maximum or minimum of the original 
scale. These are indicated as Truncated good optima (b2 significantly less than 0) or Truncated 
weak optima (b2 negative but not significantly so). The truncation consisted of reassigning their 
optimum to the maximum or minimum of the original scale. 
A small number of species did not have optima; i.e. the logit quadratic coefficient was positive. 
Where these species had significant linear logistic regression coefficients tb, significantly 
positive or negative), they were assigned to the category Linear logit (Table 2). An example of 
such a response is shown in Fig. 3. Species showing a linear logit response were given a 
repredicted value which was the maximum or minimum value for the scale in question. 
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Finally, those species where the logit quadratic coefficient was positive and the linear logit curve 
was not significant were assigned to the category Trough (Table 2). A striking example is 
provided by heather Calluna vulgaris, which has a wide tolerance for moisture (Fig. 4). Even 
this wide tolerance has its limits. Heather is common bogs, but only on hummocks: it does not 
occur in situations where there is prolonged submergence (F>8). This is a small but not 
completely negligible class of samples (Fig. 1). 
Optima and tolerances in relation to original values 
There was some general agreement between the Gaussian logistic regression point estimates and 
the original values. Of 488 species for which both an original Ellenberg and Gaussian logistic 
regression estimate of N is available, 11 species had the same value, 294 had a difference of one 
or less, 482 of two or less. However, the relation between the optima and original values was 
not linear (Fig. 5), nor did Gaussian regression prevent the shrinkage which is often regarded as 
a fault of the weighted-averaging method of calibration (Hill & Gauch 1980; Ter Braak & 
Gremmen 1987). 
When only the species with good or weak optima are considered, the relation between optima 
and original values appears to be even weaker (Table 3). For the variable K, the mean optimum 
rose from 2.9 to 3.7 when the value of the original variable rose form 2 to 5. Although this is 
perhaps an extreme case, reflecting the unsuitability of a Central European K value in Britain 
(Preston & Hill 1997), it shows that the optima are not necessarily a good reprediction. 
Tolerance values varied little along the gradient (Fig. 6). There was only a very slight tendency 
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for supposedly wide-tolerance species, which were accorded the rating x by Ellenberg, to have 
broader observed tolerances in Britain. Species signified by * in Fig. 6, which were not included 
at all in Ellenberg's enumeration showed tolerances almost identical to those which were rated 
x. 
Discussion and conclusions 
Although field naturalists commonly use the associates of a given species to infer its 
ecological attributes, this method has several limitations if quadrat data are all that are available. 
Loss of information on both context and plant architecture makes light values particularly 
difficult to infer from quadrat lists. In principle, plant size and life form could be used to find 
out whether a species was small and growing in the shade of larger ones, but this would 
necessitate a methodology that was quite specific to light. Even then, the Ellenberg light values 
for trees are defined to be the values in which young trees can develop. They cannot be inferred 
by examining mature stands. 
For all variables, the optima were compressed to a smaller range than that of the original 
variables. This compression means that the optima cannot be used directly to reconstruct values 
where these are not known. An intermediate step such as regression of original values on 
predicted optima would be required. 
The large number of apparently good optima, compared with the small number of troughs 
and linear regressions, shows that these are a weak reflection of the quality of the original 
variables. 
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Progress in extrapolating ecological indicator values to new geographical areas will be 
greatest when the variables can be defined by external criteria. Some of the original variables 
may prove to be poorly defined. It is clear, also, that a more detailed study of the patterns of 
species occurrence in environmental space is required. A univariate approach such as that used 
here takes no account of the correlation between different variables. The method also takes no 
account of variations in species richness between differing parts of a given gradient. We have 
had greater success in extrapolation using a variant of the method of weighted averages that 
explicitly corrects for compression of rescaled variables. That work will be presented elsewhere. 
In the mean time, we conclude that the method of Ter Braak and Gremmen should not be used 
uncritically. Estimation of optima by logistic regression may well be a useful adjunct to other 
methods, but it is not reliable in itself. 
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2 5 3 1  
T a b l e  I .  T y p e s  a n d  n u m b e r s  o f  v e g e t a t i o n  p l o t s  
P l o t  t y p e  
M a x  p e r  1 k m  s q u a r e  
T o t a l  
x - M a i n  p l o t s  ( 2 0 0  m " )  
5  
3  8 0 5 
  





H  - H e d g e  p l o t s  ( 1  m  x  1  m )  
2  
8 4 7 
  
B  - B o u n d a r y  p l o t s  ( 1 0  m  x  1  m )  
5  
1  8 0 5 
  
R  - V e r g e  p l o t s  ( 1 0  m  x  1  m )  - r a n d o m  
2  
1 1 4 5 
  
V  - A d d i t i o n a l  v e r g e  p l o t s  ( 1 0  m  x  1  m )  
3  
1  1 6 5 
  
S  - S t r e a m s i d e  p l o t s  ( 1 0  m  x  1  m )  - r a n d o m  
2  
1  2 5 8 
  
W  - A d d i t i o n a l  s t r e a m s i d e  p l o t s  ( 1 0  m  x  1  m )  
3  
1  2 8 5 
  
T o t a l  




T a b l e  2 .  N u m b e r s  o f  s p e c i e s  i n  c l a s s e s  o f  l o g i s t i c  r e g r e s s i o n  f i t  
C l a s s  o f  f i t  
L  





G o o d  o p t i m a  
4 3 6  4 9 7  4 7 4  
4 4 4  
4 5 5  
5 1 3  
3 5 1  
W e a k  o p t i m a  
1 7 6  
1 3 9  
1 4 6  
1 5 2  
1 3 4  
1 0 2  1 8 5  
T r u n c a t e d  g o o d  o p t i m a  
1  
0  
0  3  
3  8  0  
T r u n c a t e d  w e a k  o p t i m a  
1 4  0  3  
1 5  3 9  
1 2  
1 6  
L i n e a r  l o g i t  
1 1  
3  
1 3  2 0  
1 1  
6  
7 3  
T r o u g h  
5  
4  7  9  
1  
2  1 8  
T o t a l  
6 4 3  6 4 3  
6 4 3  
6 4 3  
6 4 3  6 4 3  
6 4 3  
1 4 
  
Table 3. Optima and numbers of species for those species whose estimated optimum falls within the range of original values (good and weak 
optima); species lacking an original value are indicated by the symbol *, those originally signified as wide-ranging by x. 
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F i g u r e  4 .  O b s e r v e d  a n d  f i t t e d  r e s p o n s e  f r e q u e n c i e s  f o r  F  ( M o i s t u r e )  f o r  C a l l u n a  v u l g a r i s .  
F i g u r e  5 .  O p t i m a  f o r  N  ( N i t r o g e n )  i n  r e l a t i o n  t o  o r i g i n a l  E l l e n b e r g  v a l u e s ;  t h e  v a l u e  *  s i g n i f i e s  s p e c i e s  
l a c k i n g  a n  o r i g i n a l  N  v a l u e .  
F i g u r e  6 .  T o l e r a n c e  f o r  N  ( N i t r o g e n )  i n  r e l a t i o n  t o  o r i g i n a l  E l l e n b e r g  v a l u e s ;  t h e  v a l u e  x  d e n o t e s  a  
s p e c i e s  d e s i g n a t e d  a s  w i d e - r a n g i n g  f o r  N ,  t h e  v a l u e  *  d e n o t e s  a  s p e c i e s  n o t  s c o r e d  f o r  N .  
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3 .  R E L A T I O N S H I P  B E T W E E N  I N D I C A T O R  
V A L U E S  A N D  V E G E T A T I O N  A N A L Y S I S  

3 . 	  R E L A T I O N S H I P  B E T W E E N  I N D I C A T O R  V A L U E S  A N D  V E G E T A T I O N  
A N A L Y S I S  
3 . / 	  T h e  a g g r e g a t e  c l a s s e s  a r e  s o  i m p o r t a n t  i n  s u b s e q u e n t  r e p o r t i n g ,  t h a t  i t  i s  u s e f u l  t o  
p r o v i d e  f u r t h e r  b a c k g r o u n d  t o  t h e i r  i n t e r p r e t a t i o n "  a s  s h o w n  i n  F i g u r e  1  w h e r e  t h e  
E l l e n b e r g  s c o r e s  f o r  f e r t i l i t y  a n d  l i g h t  a r e  p r e s e n t e d .  T h e  p l o t  t y p e s  w e r e  a l s o  
i n c l u d e d  t o  s h o w  d i f f e r e n c e s  i n  t h e  d i s p e r s i o n  o f  v a r i a t i o n  b e t w e e n  l a n d s c a p e  
e l e m e n t s .  A g g r e g a t e  c l a s s  1  a n d  2  s h o w  s i m i l a r  o v e r a l l  v a l u e s ,  w i t h  l i t t l e  d i f f e r e n c e  
b e t w e e n  t h e  l a n d s c a p e  e l e m e n t s .  C l a s s e s  3  a n d  4  b o t h  c o n t a i n  g r a s s l a n d  
a s s e m b l a g e s ,  a n d  s h o w  l o w e r  l e v e l s .  H e d g e s  o n  t h e  o t h e r  h a n d ,  h a v e  a  h i g h e r  v a l u e  
t h a n  t h e  o t h e r  e l e m e n t s  i n  c l a s s  4 .  S u r p r i s i n g l y ,  t h e  o t h e r  l a n d s c a p e  e l e m e n t s  a r e  
s i m i l a r ,  s u g g e s t i n g  t h a t ,  a l t h o u g h  t h e y  m a y  b e  u n d e r  d i f f e r e n t  m a n a g e m e n t ,  t h e i r  
o v e r r i d i n g  a s s o c i a t i o n  w i t h  t h e  n u t r i e n t  g r a d i e n t  i s  c o n s i s t e n t .  A g g r e g a t e  c l a s s e s  5  
a n d  6 ,  t h o s e  a s s o c i a t e d  w i t h  w o o d l a n d s ,  n o t  o n l y  d o  n o t  f i t  e a s i l y  i n t o  t h e  s e r i e s ,  b u t  
s h o w  m o s t  d i f f e r e n c e s  b e t w e e n  p l o t  t y p e s ,  w i t h  t h e  h e d g e r o w s  h a v i n g  h i g h  v a l u e s ,  
p r o b a b l y  b e c a u s e  t h e y  a r e  a d j a c e n t  t o  f i e l d s .  C l a s s e s  7  a n d  8  b o t h  s h o w  a  d e c l i n i n g  
s e r i e s  b e t w e e n  p l o t  t y p e s ,  s i n c e  t h e  f o r m e r  r e c e i v e  n u t r i e n t s  f r o m  t r a f f i c ,  t h e  s t r e a m s  
f r o m  d i s s o l v e d  n u t r i e n t s  w h e r e a s  t h e  r a n d o m  p l o t s  a r e  i n  o p e n  v e g e t a t i o n .  T h e  
h i g h e s t  v a l u e s  a p p e a r  i n  t h e  t w o  w o o d e d  a g g r e g a t e  c l a s s e s  5  a n d  6 .  T h e  m o i s t u r e  
v a l u e s  a r e  i n  a  g r a d u a l  s e q u e n c e  w i t h ,  a s  w o u l d  b e  e x p e c t e d ,  t h e  s t r e a m  s i d e  p l o t s  
s t a n d i n g  o u t ,  b u t  i n  c o n t r a s t  t o  t h e  l i g h t  s c o r e s  t h e r e  i s  a  t r u e  c o n t i n u u m .  
T h e  v a l u e s  h a v e  a l s o  b e e n  c o r r e l a t e d  w i t h  t h e  a v e r a g e  D E C O R A N A  s c o r e s  o f t h e  
s p e c i e s  g r o u p s  a n d  b e c a u s e  t h e s e  w e r e  d e t e r m i n e d  b y  t h e  W a r d ' s  M i n i m a l  V a r i a n c e  
t e c h n i q u e ,  t h e y  s h o w  a  s t r o n g  c o r r e l a t i o n  w i t h  t h e  E l l e n b e r g  v a l u e s  a s  s h o w n  i n  
























Recalibrated Ellenberg fertility v. Decorana axis 1
 
Labels are plot classes; r2 =0.97.
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Recalibrated Ellenberg Lv. Decorana axis 2
 
Labels are plot classes; r2 = 0.37.
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Recalibrated Ellenberg wetness v. Decorana axis 3 
Labels are plot classes; r2= 0.67.
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4 .  C H A N G E S  I N  T H E  I N D I C A T O R  V A L U E S  
B E T W E E N  1 9 7 8  A N D  1 9 9 0  

4 . 	  C H A N G E S  I N  T H E  I N D I C A T O R  V A L U E S  B E T W E E N  1 9 7 8  A N D  1 9 9 0  
4 . 1 	  G r a p h s  o f  t h e  c h a n g e s  i n  E l l e n b e r g  s c o r e s  f o r  f e r t i l i t y ,  a c i d i t y ,  l i g h t  a n d  m o i s t u r e  a r e  
i n c l u d e d  i n  t h i s  s e c t i o n .  
4 . 2 	  C h a n g e s  i n  f e r t i l i t y :  e l e v e n  s i g n i f i c a n t  c h a n g e s  h a v e  t a k e n  p l a c e  b e t w e e n  1 9 7 8  a n d  
1 9 9 0  o f  w h i c h  a l l  b u t  o n e  ( t a l l  g r a s s l a n d  v e g e t a t i o n  b y  s t r e a m s i d e s )  h a d  i n c r e a s e d  i n  
f e r t i l i t y  b e t w e e n  1 9 7 8  a n d  1 9 9 0 .  T h e  l a r g e s t  i n c r e a s e s  w e r e  i n  t h e  d i v e r s e  
g r a s s l a n d s  a n d  h e a t h / b o g  c a t e g o r i e s .  T h i s  c o n f i r m s  t h e  s p e c i e s  c h a n g e s  r e p o r t e d  i n  
t h e  C S  1 9 9 0  m a i n  r e p o r t  a n d  a l s o  t h e  t r e n d s  r e p o r t e d  e l s e w h e r e  w i t h i n  E C O F A C T .  
T h e  e u t r o p h i c a t i o n  t h r o u g h o u t  t h e  g r a s s l a n d  s e r i e s  o f  h e d g e r o w s  a l s o  s u p p o r t s  t h e  
c o n c l u s i o n s  o f  t h e  i n i t i a l  a n a l y s i s .  
4 . 3 	  E i g h t  s i g n i f i c a n t  c h a n g e s  w e r e  r e c o r d e d  o f  w h i c h  a l l  b u t  o n e  ( t a l l  g r a s s l a n d  
v e g e t a t i o n  b y  s t r e a m s i d e s  - t h e  s a m e  c a t e g o r y  o f  c h a n g e  a s  n o t e d  i n  4 . 2 )  h a d  
d e c r e a s e d  i n  a c i d i t y .  T h e  m a j o r  c h a n g e s  w e r e  w i t h i n  t h e  w e e d s  a g g r e g a t e  c l a s s  a n d  
i n  t h e  h e a t h / b o g  a g g r e g a t e  c l a s s ,  t h e  f o r m e r  d i f f e r i n g  f r o m  t h e  c h a n g e s  i n  f e r t i l i t y  
w h e r e a s  t h e  l a t t e r  i s  i d e n t i c a l .  T h e  f u r t h e r  a n a l y s i s  s e p a r a t i n g  t h e  b o g s  f r o m  o t h e r  
u p l a n d  v e g e t a t i o n  r e p o r t e d  b e l o w ,  s h o w s  t h e  w a y  i n  w h i c h  a  d o m i n a n t  c a t e g o r y  o f  
c h a n g e  c a n  o v e r r i d e  m o v e m e n t s  i n  t h e  o p p o s i t e  d i r e c t i o n .  
4 . 4 	  T h e r e  a r e  e l e v e n  s i g n i f i c a n t  c h a n g e s  i n  t h e  E l l e n b e r g  l i g h t  s c o r e s  b u t  t h e s e  a r e  
m o v i n g  i n  o p p o s i t e  d i r e c t i o n s  w i t h i n  a n d  b e t w e e n  d i f f e r e n t  a g g r e g a t e  c l a s s e s ,  
s h o w i n g  a  c o n t r a s t  w i t h  t h e  o v e r r i d i n g  c h a n g e s  i n  t h e  p r e v i o u s  t w o  s e c t i o n s .  W i t h i n  
a g g r e g a t e  c l a s s  2 ,  f i e l d s  h a v e  b e c o m e  m o r e  o p e n ,  w h e r e a s  h e d g e r o w s  h a v e  b e c o m e  
m o r e  d o m i n a t e d  b y  s h a d e - t o l e r a n t  s p e c i e s .  I t  i s  i m p o r t a n t  t o  u n d e r s t a n d  t h a t  i n  
g r a s s l a n d s  w h i c h  h a v e  b e c o m e  m o r e  f e r t i l e ,  t h e n  t h e  d e n s e  s h a d e  c a s t  b y  t h e  s w a r d  
c a n  h a v e  a  s i m i l a r  e f f e c t  t o  s h a d i n g  b y  t r e e s  s i n c e  t h e  s m a l l e r  l i g h t - d e m a n d i n g  
s p e c i e s  a r e  r e m o v e d  f r o m  t h e  v e g e t a t i o n .  D u r i n g  t h e  f i e l d  w o r k  i n  t h e  u p l a n d  s t u d y ,  
r o s e t t e  s p e c i e s  s u c h  a s  L e o n t o d o n  a u t u m n a l i s  a n d  D r o s e r a  r o t u n d i f o l i a  w e r e  s e e n  t o  
b e  u n a b l e  t o  c o p e  w i t h  t a l l  g r a s s e s .  W i t h i n  f e r t i l e  g r a s s l a n d s ,  r o a d s i d e s  h a d  b e c o m e  
m o r e  o p e n  w h e r e a s  t h e  o p e n  v e g e t a t i o n  h a d  m o v e d  i n  t h e  o p p o s i t e  d i r e c t i o n .  W i t h i n  
t h e  v a r i a b l e  g r a s s l a n d s ,  a  h i g h l y - s i g n i f i c a n t  o v e r a l l  c h a n g e  h a d  t a k e n  p l a c e ,  o f  
i n c r e a s e d  s h a d e - t o l e r a n t  s p e c i e s  a l t h o u g h  o n l y  s t r e a m s  a n d  h e d g e r o w s  w e r e  a c t u a l l y  
s i g n i f i c a n t .  W h e n  c o n n e c t e d  w i t h  t h e  i n c r e a s e  i n  f e r t i l i t y ,  t h e n  i t  s e e m s  l i k e l y  t h a t  
t h i s  c h a n g e  i s  d u e  t o  a n  i n c r e a s i n g l y  d e n s e  s w a r d .  W i t h i n  t h e  l o w l a n d  a r b o r e a l  
a g g r e g a t e  c l a s s  t h e r e  w a s  a  h i g h l y - s i g n i f i c a n t  c h a n g e  o v e r a l l ,  w i t h  a l l  t y p e s  o f  p l o t s  
s h o w i n g  a n  i n c r e a s e  i n  m o r e  l i g h t - d e m a n d i n g  s p e c i e s .  W i t h i n  t h e  u p l a n d  a r b o r e a l  
c l a s s ,  o n l y  t h e  s t r e a m s i d e  h a d  c h a n g e d ,  i n  t h i s  c a s e  b e c o m i n g  m o r e  o p e n .  B o t h  
s i g n i f i c a n t  c h a n g e s  i n  t h e  t w o  u p l a n d  v e g e t a t i o n  c l a s s e s  s h o w e d  a n  i n c r e a s e  i n  
o p e n n e s s ,  p e r h a p s  r e l a t e d  t o  a  s h o r t e n i n g  o f  t h e  s w a r d  b y  g r a z i n g .  
4 . 5 	  O f  t h e  t e n  s i g n i f i c a n t  c h a n g e s  o b s e r v e d ,  t h e r e  w a s  a n  e q u a l  b a l a n c e  b e t w e e n  
i n c r e a s e s  a n d  d e c r e a s e s  i n  m o i s t u r e  l e v e l s .  T h e  h i g h e s t  s i g n i f i c a n c e  l e v e l s  w e r e  
w i t h i n  v a r i a b l e  g r a s s l a n d s  b e s i d e  s t r e a m s i d e s  w h i c h  i n c r e a s e d  i n  m o i s t u r e  l e v e l s ,  
w h i c h  c o u l d  b e  a  d i s t o r t i o n  d u e  t o  t h e  d r y  s u m m e r  o f  1 9 9 0 ,  c o n t r a s t i n g  w i t h  a  
d e c r e a s e  i n  m o i s t u r e  l e v e l  w i t h i n  w e e d s  i n  o p e n  f i e l d s .  I n  c o n t r a s t ,  w i t h i n  b o t h  
f e r t i l e  g r a s s l a n d s  a n d  d i v e r s e  g r a s s l a n d s  t h e  s i g n i f i c a n t  c h a n g e s  i n  s t r e a m s i d e s  a n d  
o p e n  f i e l d s  o n  t h e  o n e  h a n d  a n d  b e t w e e n  r o a d s i d e s  a n d  r o a d s i d e s  o n  t h e  o t h e r ,  w e r e  
b o t h  c h a n g i n g  i n  o p p o s i t e  d i r e c t i o n s  s u g g e s t i n g  t h a t  s e a s o n a l  e f f e c t s  w e r e  u n l i k e l y  
t o  b e  i n v o l v e d .  W i t h i n  h e a t h  a n d  b o g  v e g e t a t i o n  t h e  e v i d e n c e  s u g g e s t e d  a  d e c r e a s e  
i n  m o i s t u r e - l o v i n g  s p e c i e s  w i t h i n  s t r e a m s i d e s  a n d  o p e n  v e g e t a t i o n ,  w h e r e a s  w i t h i n  
m o o r l a n d  s t r e a m s i d e s  t h e r e  w a s  e v i d e n c e  o f  t h e  o p p o s i t e  s h o w i n g  t h a t  c o m p l e x  
c h a n g e s  a r e  i n v o l v e d  w i t h i n  t h e  s a m e  l a n d s c a p e .  
C h a n g e  i n  m e a n  E I l e n b e r g  f e r t i l i t y  s c o r e s  ( a s  r e c a l i b r a t e d  b y  M . O .  H i l l )  
b e t w e e n  1 9 7 8  a n d  1 9 9 0  i n  t h e  C o u n t r y s i d e  S u r v e y  d a t a  s e t  
P l o t  o f  m e a n  E l I e n b e r g  f e r t i l i t y  ( N )  s c o r e s  b y  a g g r e g a t e d  
v e g e t a t i o n  g r o u p  a n d  p l o t  t y p e  i n  1 9 7 8  a n d  1 9 9 0  
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M a r k s  a b o v e  t h e  v a l u e s  i n d i c a t e  s i g n i f i c a n c e  ( p < O . 0 5 )  o f  c h a n g e  b e t w e e n  1 9 7 8  a n d  1 9 9 0  p e r  p l o t t y p e .  
M a r k s  a t  t h e  b o t t o m  o f  e a c h  f i g u r e  i n d i c a t e  t h e  l e v e l  o f  s i g n i f i c a n c e  o f  c h a n g e  o v e r  t i m e  i n  t h a t  
a g g r e g a t e d  v e g e t a t i o n  g r o u p .  
A n a l y s e s  w e r e  c a r r i e d  o u t  b y  G L M  ( S A S )  o n  l o g  t r a n s f o r m e d  d a t a .  R e s u l t s  a r e  a s  
f o l l o w s :  
- a  s i g n i f i c a n t  ( p < O . O O I )  o v e r a l l  e f f e c t  o f t i m e ,  t y p e  a n d  a g g r e g a t e d  v e g e t a t i o n  
g r o u p  o n  m e a n  E l l e n b e r g  f e r t i l i t y  s c o r e  h a s  b e e n  f o u n d .  
- n o  s i g n i f i c a n t  i n t e r a c t i o n s  ( p < O . 0 5 )  b e t w e e n  t i m e ,  p l o t  t y p e  o r  a g g r e g a t e d  
v e g e t a t i o n  g r o u p  w e r e  d e t e c t e d  i n  t h e  o v e r a l l  a n a l y s i s .  
R  
s  
x  H  
P l o t  t y p e  
T i m e  
N  
s i g  
N  s i g  N
s i g  N  
s i g  
N  s i g  
s i g  
A . C l .  1  
8  n s  
1  
2 2 1  *  
2 3 0  n s  
o s  
A . C I 2  
9 5  n s  
6 0  
*  
1 6  n s  
8 8  * *  
2 5 9  n s  
o s  
A . C l .  3  
1 2 4  *  
2 5  n s  
2 0 2  n s  
7  *  
3 5 8  *  
*  
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2 2 9  * * *  
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2 4  n s  
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1 2 5  n s  
2 2 7  * * *  
o s  
A . C l .  8  
1  
3 3  
*  
2 5 3  * * *  
2 8 7  * * *  
u s  
C h a n g e  i n  m e a n  E I l e n b e r g  a c i d i t y  s c o r e s  ( a s  r e c a l i b r a t e d  b y  M . O .  H i l l ) 
  
b e t w e e n  1 9 7 8  a n d  1 9 9 0  i n  t h e  C o u n t r y s i d e  S u r v e y  d a t a  s e t 
  
P l o t  o f  m e a n  E l l e n b e r g  a c i d i t y  s c o r e s  ( R )  b y  a g g r e g a t e d  
v e g e t a t i o n  g r o u p  a n d  p l o t  t y p e  i n  1 9 7 8  a n d  1 9 9 0  
7 5 .  t .  i '  i '  
7 . 0 1 ' *  
*  




~H u \ f  
6 . 0  
~1 r *  
·(~r v  
0 : :  5 . 5  
e a  
~ 5 . 0  
. ! !  
~ 4 . 5  
C l  
: I  4 . 0  
~ 
3 . 5  
3 . 0  
2 . 5  
- 0 - 1 9 7 8  
2 . 0 '  "  " "  " .  "  "  ,
- - 0 - - 1 9 9 0
1 ' «  
R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  
~. C l .  A i d .  C l .  N J .  c r .  ~. C l .  A g . C l .  A g . C l .  A g . C l .  A g .  C l .  
2 3 - 4 - 5  6  7 8  
M a r k s  a b o v e  t h e  v a l u e s  i n d i c a t e  s i g n i f i c a n c e  ( P < O . 0 5 )  o f  c h a n g e  b e t w e e n  1 9 7 8  a n d  1 9 9 0  p e r  p l o t t y p e .  
M a r k s  a t  t h e  b o t t o m  o f e a c h  f i g u r e  i n d i c a t e  t h e  l e v e l  o f  s i g n i f i c a n c e  o f  c h a n g e  o v e r  t i m e  i n  t h a t  
a g g r e g a t e d  v e g e t a t i o n  g r o u p .  
A n a l y s e s  w e r e  c a r r i e d  o u t  b y  G L M  ( S A S )  o n  l o g  t r a n s f o r m e d  d a t a .  R e s u l t s  a r e  a s  
f o l l o w s :  
- a  s i g n i f i c a n t  ( p < O . 0 0 1 )  o v e r a l l  e f f e c t  o f t i m e ,  t y p e  a n d  a g g r e g a t e d  v e g e t a t i o n  
g r o u p  o n  m e a n  E l l e n b e r g  a c i d i t y  s c o r e  h a s  b e e n  f o u n d .  
- n o  s i g n i f i c a n t  o v e r a l l  i n t e r a c t i o n s  ( p < O . 0 5 )  w e r e  f o u n d  b e t w e e n  t i m e  a n d  
p l o t t y p e  a n d  a g g r e g a t e d  v e g e t a t i o n  g r o u p  a n d  p l o t t y p e .  
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n s  
C h a n g e  i n  m e a n  E l l e n b e r g  l i g h t  s c o r e s  ( a s  r e c a l i b r a t e d  b y  M . G .  H i l l ) 
  
b e t w e e n  1 9 7 8  a n d  1 9 9 0  i n  t h e  C o u n t r y s i d e  S u r v e y  d a t a  s e t 
  
P l o t  o f  m e a n  E l l e n b e r g  l i g h t  ( L )  s c o r e s  b y  a g g r e g a t e d  
v e g e t a t i o n  g r o u p  a n d  p l o t  t y p e  i n  1 9 7 8  a n d  1 9 9 0  
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R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  
A g . C I .  
A g . C L  
A g . C I .  
A g . C l  
A g . C I .  A g . C I .  
A ( J . C l  




4 - 5 -
6  
7  8  
M a r k s  a b o v e  t h e  v a l u e s  i n d i c a t e  s i g n i f i c a n c e  ( p < 0 . 0 5 )  o f  c h a n g e  b e t w e e n  1 9 7 8  a n d  1 9 9 0  p e r  p l o t t y p e .  
M a r k s  a t  t h e  b o t t o m  o f  e a c h  f i g u r e  i n d i c a t e  t h e  l e v e l  o f  s i g n i f i c a n c e  o f  c h a n g e  o v e r  t i m e  i n  t h a t  
a g g r e g a t e d  v e g e t a t i o n  g r o u p .  
A n a l y s e s  w e r e  c a r r i e d  o u t  b y  G L M  ( S A S )  o n  l o g  t r a n s f o r m e d  d a t a .  R e s u l t s  a r e  a s  
f o l l o w s :  
- a  s i g n i f i c a n t  ( p < O . 0 5 )  o v e r a l l  e f f e c t  o f t i m e ,  t y p e  a n d  a g g r e g a t e d  v e g e t a t i o n  
g r o u p  o n  m e a n  E l l e n b e r g  l i g h t  s c o r e  h a s  b e e n  f o u n d .  
- n o  s i g n i f i c a n t  o v e r a l l  i n t e r a c t i o n s  ( p < O . 0 5 )  w e r e  f o u n d  b e t w e e n  t i m e  a n d  
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C h a n g e  i n  m e a n  E l l e n b e r g  m o i s t u r e  s c o r e s  ( a s  r e c a l i b r a t e d  b y  M . O .  H i l l )  
b e t w e e n  1 9 7 8  a n d  1 9 9 0  i n  t h e  C o u n t r y s i d e  S u r v e y  d a t a  s e t  
P l o t  o f  m e a n  E l l e n b e r g  m o i s t u r e  ( F )  s c o r e s  b y  a g g r e g a t e d  
v e g e t a t i o n  g r o u p  a n d  p l o t  t y p e  i n  1 9 7 8  a n d  1 9 9 0  
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7 . 5  




e »  
~ 6 . 5  
e  
. s  
W  
;  6 . 0  
t )  
: E  
- 0 - 1 9 7 8  
4 . 5 ' .  "  . "  .  "  , 	  
- - 0 - - 1 9 9 0  
R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  R S X H  
A g .  C l .  A g .  C l .  A g .  C l .  A g .  C l .  A g .  C l .  A g .  C l .  A g .  C l .  A g .  C l .  
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M a r k s a b o v e t h e v a l u e s i n d i c a t e s i g n i f i c a n c e ( p < 0 . 0 5 ) o f c h a n g e  b e t w e e n 1 9 7 8 a n d  1 9 9 0 p e r p l o t t y p e .  
M a r k s  a t  t h e  b o t t o m  o f  e a c h  f i g u r e  i n d i c a t e  t h e  l e v e l  o f  s i g n i f i c a n c e  o f  c h a n g e  o v e r  t i m e  i n  t h a t  
a g g r e g a t e d v e g e t a t i o n  g r o u p .  
A n a l y s e s  w e r e c a r r i e d o u t b y G L M ( S A S ) o n l o g t r a n s f o r m e d  d a t a . R e s u l t s a r e a s  
f o l l o w s :  
- a  s i g n i f i c a n t  ( p < O . 0 5 )  o v e r a l l  e f f e c t o f t y p e o n m e a n E l l e n b e r g  m o i s t u r e s c o r e  
h a s b e e n  f o u n d .  T h e o v e r a l l  e f f e c t o f t i m e a n d a g g r e g a t e d v e g e t a t i o n g r o u p  
w a s  n o t  s h o w n t o  b e  s i g n i f i c a n t .  
- s i g n i f i c a n t  o v e r a l l  i n t e r a c t i o n s  ( p < O . 0 5 )  w e r e f o u n d  b e t w e e n t i m e a n d p l o t t y p e  
a n d  a g g r e g a t e d  v e g e t a t i o n  g r o u p  a n d  p l o t t y p e .  
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5 . 	  A N A L Y S I S  O F  I N D I C A T O R  V A L U E S  W I T H I N  U P L A N D  V E G E T A T I O N  
5 . 1 	  F o l l o w i n g  d i s c u s s i o n  i n  t h e  T e c h n i c a l  S u b - G r o u p  M e e t i n g  h e l d  i n  N o v e m b e r  o f  
1 9 9 6  i t  h a d  b e e n  n o t e d  t h a t  i n d i v i d u a l  p l o t s  o r  c l a s s e s  c o u l d  m o v e  i n  t o t a l l y  d i f f e r e n t  
d i r e c t i o n s  w h i c h  w h e n  g r o u p e d  t o g e t h e r  m a s k e d  t h e  t r u e  d i r e c t i o n  o f  c h a n g e .  I n  
p a r t i c u l a r "  t h e  g r o s s  c h a n g e s  i n v o l v i n g  s h i f t s  b e t w e e n  a g g r e g a t e  c l a s s e s  c o u l d  m a s k  
t h e  t r u e  u n d e r l y i n g  c h a n g e s  g o i n g  o n  w i t h i n  v e g e t a t i o n  t h a t  w e r e  s t a y i n g  r e l a t i v e l y  
c o n s t a n t .  T h e  c h a n g e s  w i t h i n  u p l a n d  v e g e t a t i o n  h a d  b e e n  t h e  m o s t  d i f f i c u l t  t o  
u n d e r s t a n d  a n d  e x p e r i e n c e  d u r i n g  t h e  u p l a n d  s t u d y  h a d  i n d i c a t e d  t h e  p o s s i b i l i t y  t h a t  
d r i e r  h e a t h l a n d  a n d  b o g  v e g e t a t i o n ,  e v e n  w i t h i n  t h e  s a m e  l a n d s c a p e  u n i t ,  c o u l d  b e  
o v e r g r a z e d  o r  u n d e r g r a z e d  r e s p e c t i v e l y .  A c c o r d i n g l y  i t  w a s  d e c i d e d  t o  d i v i d e  t h e  
h e a t h  a n d  b o g  a g g r e g a t e  c l a s s  i n t o  d r y  h e a t h ,  m o o r l a n d  a n d  b o g ,  i n c l u d e d  5 2  
q u a d r a t s ,  2 4  q u a d r a t s  a n d  1 4 5  q u a d r a t s  r e s p e c t i v e l y  a n d  t o  a n a l y s e  t h e  c h a n g e s  
b e t w e e n  t h e s e  c a t e g o r i e s  a s  s h o w n  i n  T a b l e  1 .  
T a b l e  1 .  T h e  c h a n g e s  i n  m e a n  s c o r e s  f o r  l i g h t ,  m o i s t u r e ,  p H  a n d  n i t r o g e n  i n  u p l a n d  
q u a d r a t s  s u r v e y e d  i n  1 9 7 8  a n d  1 9 9 0 .  
A l l  q u a d r a t s  
d r y  h e a t h  
m o o r l a n d  
b o g s  
L i g h t  
T  
- 0 . 6 3  
2 . 5 2  
- 0 . 7 1  
- 1 . 3 8  
p r o b a b i f i t y  0 . 5 3  
0 . 0 1 3  
0 . 4 9  0 . 1 7  
d f  
4 2 9  9 8  
3 2  2 8 5  
M o i s t u r e  
T  
0 . 0 2  
1 . 5 9  0 . 6 6  - 1 . 0 0  
p r o b a b i l i t y  0 . 9 8  
0 . 1 2  0 . 5 1  0 . 3 2  
d f  
4 3 9  
1 0 1  
4 5  
2 9 8  
p H  
T  
1 . 0 8  
- 2 . 3 1  
- 0 . 6 2  
3 . 8 6  
p r o b a b i l i t y  0 . 2 8  
0 . 0 2 3  
0 . 5 4  < 0 . 0 0 1  
d f  
4 3 7  
9 6  
4 5  
2 8 7  
N i t r o g e n  
T  
1 . 0 4  
- 3 . 3 1  - 0 . 4 2  3 . 9 4  
p r o b a b i l i t y  
0 . 3 0  
0 . 0 0 1  0 . 6 8  < 0 . 0 0 1  
d f  
4 3 9  
9 9  
4 5  
2 7 9  
T w o s t r i k i n g  s e r i e s  o f  c h a n g e  a r e  p r e s e n t e d  w i t h i n  t h i s  T a b l e .  F i r s t l y ,  t h e  d r y  h e a t h  
h a s  b e c o m e  m o r e  o p e n ,  c o n f i r m i n g  t h e  l o s s e s  r e p o r t e d  e l s e w h e r e  o f e r i c a c e o u s  
s p e c i e s  l i n k e d  t o  t h e  i n f l u e n c e  o f  g r a z i n g  i n  r e d u c i n g  s w a r d  h e i g h t .  N e i t h e r  
m o o r l a n d  o r  b o g s  s h o w e d  a  s i g n i f i c a n t  c h a n g e .  T h i s  r e s u l t  s u p p o r t e d  t h e  i n i t i a l  
h y p o t h e s i s  t h a t  g r a z i n g  w a s  m o s t  l i k e l y  t o  o f  a f f e c t e d  t h e  d r i e r  h e a t h l a n d  t h a n  
m o o r l a n d  a n d  b o g s .  H o w e v e r ,  t h e  s e c o n d  s e r i e s  o f c h a n g e s  w a s  n o t  f o r e s e e n  i n  t h a t  
b o t h  p H  a n d  n i t r o g e n  h a d  d e c r e a s e d  i n  t h e  d r y  h e a t h  w h e r e a s  t h e y  h a d  i n c r e a s e d  i n  
t h e  b o g s  w i t h  t h e  m o o r l a n d s  b e i n g  u n c h a n g e d .  A t  f i r s t  t h i s  r e s u l t  s e e m s  
i n e x p l i c a b l e  s i n c e  t h e s e  t y p e s  o f  v e g e t a t i o n  w e r e  n o t  i n  a  c o n s i s t e n t  p a t t e r n  w i t h i n  
t h e  l a n d s c a p e  a s  s o m e  b o g s  w e r e  s i t u a t e d  i n  v a l l e y  b o t t o m s ,  o t h e r s  i n  s m a l l  f l u s h e s  
a n d  o t h e r s  a s  b l a n k e t  b o g s .  T h i s  s u g g e s t e d  t h a t  a  p r o c e s s  w a s  a t  w o r k  r e l a t e d  t o  t h e  
s o i l  o n  w h i c h  t h e  v e g e t a t i o n  w a s  g r o w i n g .  T h i s  w a s  c o n f i r m e d  w h e n  i t  w a s  
e s t a b l i s h e d  f r o m  o t h e r  s t u d i e s  t h a t  t h e  a e r o b i c  c h a r a c t e r  o f  t h e  d r y  h e a t h  w a s  k n o w n  
f r o m  o t h e r  s t u d i e s  t o  f a v o u r  b a c t e r i a  w h i c h  w e r e  a b l e  t o  u t i l i s e  a t m o s p h e r i c  
d e p o s i t i o n  a s  a n  e n e r g y  s o u r c e .  T h i s  i n  t u r n  l e a d s  t o  n i t r o g e n  b e i n g  l o s t  f r o m  t h e  
s y s t e m  a n d  a c i d i f i c a t i o n  t a k i n g  p l a c e  s i m u l t a n e o u s l y .  B y  c o n t r a s t ,  t h e  s a t u r a t e d  
p e a t s  o f  b o g s  a r e  a n a e r o b i c  a n d  t h e  s a m e  t y p e  o f  d e p o s i t i o n  w o u l d  l e a d  t o  t h e  
i n c r e a s e  i n  p H  a n d  n i t r o g e n  l e v e l  r e p o r t e d  i n  T a b l e  1 .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  
l a t t e r  e f f e c t  w a s  c o m p l e t e l y  o v e r r i d d e n  i n  t h e  p r e v i o u s l y  g e n e r a l i s e d  g r a p h s  s i n c e  
t h e  l e v e l  o f  s i g n i f i c a n c e  i s  m u c h  h i g h e r  t h a n  i n  t h e  d r y  h e a t h s .  
T h e s e  r e s u l t s  n e e d  t o  b e  s e t  i n t o  c o n t e x t  w i t h  o t h e r  r e s e a r c h  o n  p r o c e s s e s  o f  
a c i d i f i c a t i o n  t h r o u g h  n i t r o g e n  d e p o s i t i o n  a n d  w i l l  b e  c a r r i e d  o u t  i n  c o n j u n c t i o n  w i t h  
D r  P  I n e s o n .  


6 . 	  F A R M  S T U D Y  
6 . 1 	  I n  A u g u s t  a n d  S e p t e m b e r  1 9 9 6 ,  2 5  1  k r r r '  w e r e  v i s i t e d ,  s t r a t i f i e d  f i r s t l y  
a c c o r d i n g  t o  t h o s e  s h o w i n g  h i g h  c h a n g e  a n d  l o w  c h a n g e  i n  t h e  W y e  C o l l e g e  
s o c i o - e c o n o m i c  s t u d y  a n d  s e c o n d l y  t o  c o v e r  a  r a n d o m  s a m p l e  o f  l a n d  c l a s s e s  
w i t h i n  t h e  f o u r  l a n d s c a p e  t y p e s .  W i t h i n  e a c h  s q u a r e  p l o t s  w e r e  r e - v i s i t e d  t h a t  
h a d  b e e n  r e c o r d e d  i n  1 9 7 8  a n d  1 9 9 0  a n d  a l l  s p e c i e s  r e c o r d e d  t o g e t h e r  w i t h  
n o t e s  c o n c e r n i n g  t h e  i n t e r p r e t a t i o n  o f  c h a n g e  a n d  t h e  s t a t u s  o f p l o t s  w i t h i n  t h e  
l a n d s c a p e .  F u l l  a n a l y s e s  o f  t h e s e  d a t a  h a v e  n o t  y e t  b e e n  c o m p l e t e d ,  b u t  t h e  
i n i t i a l  b r o a d  g e n e r a l  c o n c l u s i o n s  w e r e  r e p o r t e d  i n  t h e  T e c h n i c a l  S u b - G r o u p  
M e e t i n g  i n  N o v e m b e r  1 9 9 6 .  A  b r i e f  s u m m a r y  o f  t h e s e  c o n c l u s i o n s  i s  g i v e n  
b e l o w .  
6 . 2 	  T h e  m o s t  i m p o r t a n t  o v e r r i d i n g  c o n c l u s i o n  w h i c h  i s  l i k e l y  t o  b e  a  p r i n c i p l e  
f i n d i n g  o f  t h e  w h o l e  p r o j e c t  m a y  b e  s u m m a r i s e d  a s  f o l l o w s :  
T h e  c o m p o s i t i o n  o f v e g e t a t i o n  a t  a n y  g i v e n  p o i n t  w i t h i n  t h e  l a n d s c a p e  i s  
d e t e r m i n e d  b y  t h e  m a n a g e m e n t  p r a c t i c e s  t o  w h i c h  i t  h a s  b e e n  s u b j e c t e d ,  
g i v e n  t h e  e n v i r o n m e n t a l  c h a r a c t e r  o f t h a t  l o c a t i o n  
C e r t a i n  e x c e p t i o n s  m a y  o c c u r :  
• 	  A t m o s p h e r i c  d e p o s i t i o n  
• 	  C a t a s t r o p h i c  e v e n t s  e g  f l o o d i n g  
T h i s  a p p l i e s  t h e  l a w  o f  O c c a m ' s  R a z o r  i e  t h e  s i m p l e s t  s o l u t i o n  s h o u l d  a p p l y  
i n  a n y  g i v e n  c i r c u m s t a n c e .  F o r  e x a m p l e ,  a n  a s s e m b l a g e  o f  w e e d s  w i t h i n  a n  
i n t e n s i v e l y - m a n a g e d  a r a b l e  f i e l d  w h e r e  t h e  m a n a g e m e n t  h a s  b e e n  d i r e c t e d  
t o w a r d s  t h e  p r o d u c t i o n  o f  a  s i n g l e  c r o p  i s  m o s t  l i k e l y  t o  b e  t h e  p r o d u c t  o f  t h a t  
m a n a g e m e n t  r a t h e r  t h a n  a n  e x t e r n a l  i n f l u e n c e  s u c h  a s  o z o n e  l e v e l s .  
6 . 3 	  O n e  o f t h e  i n i t i a l  o b j e c t i v e s  w a s  t o  d i s c u s s  w i t h  t h e  f a r m e r s  d e t a i l s  o f  t h e  
m a n a g e m e n t  p r a c t i c e s  w h i c h  t h e y  h a d  b e e n  u s i n g .  I t  w a s  f o u n d  t h a t :  
• 	  T h e r e  w a s  a  l a c k  o f  d e t a i l e d  k n o w l e d g e  c o n c e r n i n g  t h e  c h e m i c a l s  
b e i n g  u s e d  b e c a u s e  t h e  c h e m i c a l  c o m p a n i e s  s i m p l y  p r o v i d e d  t h e  
s p r a y i n g  r e g i m e  w i t h o u t  f u r t h e r  d e t a i l s ;  
• 	  T h e  i n f o r m a t i o n  i n  t h e  i n i t i a l  d i s c u s s i o n s  d i v e r g e d  f r o m  o b s e r v a t i o n s  
i n  t h e  f i e l d  s h o w i n g  t h a t  t h e  i n f o r m a t i o n  w a s  n o t  r e l i a b l e  a n d  p r o b a b l y  
i n v o l v e d  p o s i t i v e  f e e d b a c k  m e c h a n i s m s ;  
• 	  T h e  i d e n t i f i c a t i o n  o f  i n d i v i d u a l  f i e l d s  a n d  t h e i r  m a n a g e m e n t  i s  
d i f f i c u l t  i n  p r a c t i c e ;  
• 	  I n e v i t a b l y  f a r m e r s  d o  n o t  r e m e m b e r  d e t a i l s  o f  w h a t  h a s  h a p p e n e d  
s e v e r a l  y e a r s  a g o ,  w h i c h  i s  w h a t  i s  r e q u i r e d  i f  d e t a i l s  o f  m a n a g e m e n t  
p r a c t i c e s  a n d  t h e i r  i m p a c t  a r e  t o  b e  d e t e r m i n e d ;  
T h e s e  c o n c l u s i o n s  h a v e  b e e n  c o n f i r m e d  i n  s u b s e q u e n t  d i s c u s s i o n s  w i t h  
M A F F  a n d  s u g g e s t  t h a t  t h i s  a p p r o a c h  i s  u n l i k e l y  t o  b e  f r u i t f u l .  
6 . 4 	  I t  w a s  n o t e d  d u r i n g  t h e  f i e l d  w o r k  t h a t  c h a n g e s  c a n  t a k e  p l a c e  o n  v e r y  
d i f f e r e n t  t i m e s c a l e s  w h i c h  a f f e c t  v e g e t a t i o n  d i f f e r e n t i a l l y .  T h e r e  a r e  f o u r  
p r i n c i p l e  s c a l e s :  
• 	  I m m e d i a t e  e g  p o a c h i n g  w i t h i n  g r a s s l a n d  w h i c h  c a n  t a k e  p l a c e  w i t h i n  
s e v e r a l  h o u r s  o n  a  w e t  n i g h t  a n d  c a n  t o t a l l y  a l t e r  t h e  s p e c i e s  
c o m p o s i t i o n ;  
• 	  D a y s ,  w e e k s  a n d  m o n t h s  e g  g r a z i n g  p a t t e r n s  o v e r  a  y e a r l y  c y c l e ,  
a l t h o u g h  t h i s  c a n  e x t e n d  t o  t h e  n e x t  c a t e g o r y  i n  y e a r s ;  
• 	  Y e a r s  e g  f l a i l i n g  i n  h e d g e r o w s  h a s  b e e n  s h o w n  t o  g r a d u a l l y  o p e n  u p  
t h e  b o t t o m  o f t h e  h e d g e ,  l e a d i n g  t o  d e c l i n e  i n  v i g o u r ;  
• 	  D e c a d e s  e g  c a n o p y  c l o s u r e  i n  a  f o r e s t  s t a n d .  
6 . 5 	  I t  w a s  f o u n d  t h a t  p l o t s  t h a t  h a v e  c h a n g e d  g r e a t l y  i n  t h e i r  s p e c i e s  c o m p o s i t i o n  
w e r e  m a i n l y  d u e  t o  t h e  f o l l o w i n g  f a c t o r s :  
• 	  C h a n g e  i n  l a n d  c o v e r  c l a s s  e g  b a r l e y  t o  g r a s s ;  
• 	  D i r e c t  p o s i t i v e  m a n a g e m e n t  e g  s p r a y i n g ;  
• 	  C u m u l a t i v e  m a n a g e m e n t  c h a n g e  e g  v e r g e s ;  
• 	  A b s e n c e  o f m a n a g e m e n t  e g  l o s s  o f  s h e e p ;  
• 	  I n c r e m e n t a l  c h a n g e  e g  h e d g e  b o t t o m s ;  
• 	  E n v i r o n m e n t a l  i m p a c t  e g  s a l t  a p p l i c a t i o n  b y  r o a d s i d e s  
6 . 6 	  P l o t s  t h a t  a r e  o b s e r v e d  t o  b e  s t a b l e  w e r e  m a i n l y  d u e  t o  t h e  f o l l o w i n g  f a c t o r s :  
• 	  L a c k  o f m a n a g e m e n t  e g  a n c i e n t  w o o d l a n d ;  
• 	  S t a b l e  l o w  i n p u t s  e g  h e a t h s  i n  h i g h  m o u n t a i n s ;  
• 	  S t a b l e  i n t e n s e  m a n a g e m e n t  e g  m o w i n g  o f g r a s s l a n d s  o n  r o a d s i d e  
v e r g e s ;  
• 	  I n t e n s e  r e c r e a t i o n a l  m a n a g e m e n t  e g  g o l f  c o u r s e s ;  
• 	  S t a b l e  a g r i c u l t u r a l  m a n a g e m e n t  e g  t h e  m a i n t e n a n c e  o f p u r e  r y e  g r a s s  
s w a r d s  f o r  s i l a g e  p r o d u c t i o n .  
6 . 7 	  O n e  o f  t h e  p r i n c i p l e  c o n c l u s i o n s  w a s  t h a t  a  r a n g e  o f  m a n a g e m e n t  p r a c t i c e s  
w e r e  e i t h e r  u n e x p e c t e d  o r  w e r e  f a r  m o r e  c o m p l e x  t h a n  h a d  b e e n  i n i t i a l l y  
t h o u g h t .  T w o  e x a m p l e s  o f  t h e s e  a r e  p r o v i d e d  b e l o w .  F i r s t l y ,  a n  e x a m p l e  o f  
a n  u n e x p e c t e d  i m p a c t ,  t h a t  o f  t h e  i n d i r e c t  e f f e c t s  o f  a f f o r e s t a t i o n  w h i c h  w a s  
s h o w n  t o  h a v e  t h e  f o l l o w i n g  a t t r i b u t e s :  
• 	  P o l a r i s a t i o n  o f  l a n d  u s e ;  
• 	  D e c r e a s e  i n  s t r e a m  w a t e r  f l o w ;  
• 	  D r y i n g  o u t  o f f l u s h e s ;  
• 	  M o d i f i c a t i o n  o f n u t r i e n t  f l o w  i n  r i v e r s ;  
• 	  F r a g m e n t a t i o n  o f a r e a s  o f s e m i - n a t u r a l  v e g e t a t i o n ;  
• 	  C h a n g e  i n  t h e  g r a z i n g  p a t t e r n s  o f s h e e p ;  
• 	  I s o l a t i o n  o f a r e a s  o f h i g h  l a n d  s u r r o u n d e d  b y  f o r e s t r y ;  
• 	  E f f e c t s  o f c l e a r - f e l l i n g ;  
• 	  I n c r e a s e  i n  d e e r  n u m b e r s .  
M a n y  o f t h e s e  f a c t o r s  h a v e  b e e n  d i s c u s s e d  i n  t h e  l i t e r a t u r e  b u t  i t  h a d  n o t  b e e n  
a p p r e c i a t e d  t h a t  t o g e t h e r  t h e y  w e r e  m a k i n g  s u c h  a  c u m u l a t i v e  i m p a c t .  
A n  e x a m p l e  o f t h e  m o r e  c o m p l e x  m a n a g e m e n t  t h a n  h a d  b e e n  e x p e c t e d  i s  
s h o w n  b y  v e r g e  m a n a g e m e n t  w h i c h  i s  s u m m a r i s e d  b e l o w :  
• 	  I n h e r e n t  e c o l o g i c a l  c h a r a c t e r  o f t h e  v e g e t a t i o n  c o n c e r n e d ;  
• 	  V a r i a t i o n  a c r o s s  t h e  w i d t h  o f t h e  v e r g e  w h i c h  c a n  b e  f r o m  t o t a l l y  
u n m a n a g e d  t o  h i g h - i n t e n s i t y  c u t t i n g  w i t h i n  o n e  m e t r e ;  
• 	  T h e  p r o d u c t i v i t y  o f t h e  v e g e t a t i o n ;  
• 	  T h e  s t a t u s  o f t h e  v e g e t a t i o n  a t  a n y  g i v e n  t i m e ;  
• 	  C u m u l a t i v e  e f f e c t  o f m a n a g e m e n t  t r e a t m e n t s ;  
• 	  T h e  a n g l e  o f t h e  v e r g e  w h i c h ,  a l t h o u g h  u s u a l l y  f l a t ,  c a n  b e  v e r y  s t e e p ,  
e s p e c i a l l y  i n  t h e  w e s t  c o u n t r y .  
• 	  T h e  c h a r a c t e r  o f t h e  s o i l  s u r f a c e  s i n c e  v e r y  w e t  c o n d i t i o n s  a r e  e a s i l y  
d i s t u r b e d  b y  f l a i l i n g ;  
• 	  T h e  w i d t h  o f t h e  s w a t h e  c u t  a t  t h e  e d g e  o f t h e  r o a d  o r  w h e t h e r  i t  t a k e s  
p l a c e  a t  a l l ;  
• 	  T h e  i m p a c t  o f  s a l t  d e p o s i t i o n  w h i c h  v a r i e s  r e g i o n a l l y  a n d  a c c o r d i n g  t o  
t h e  r o a d  c h a r a c t e r i s t i c s ;  
• 	  T h e  n u t r i e n t  e f f e c t  o f  o i l  d e p o s i t i o n  b r e a k d o w n ;  
• 	  T h e  t i m e  a n d  f r e q u e n c y  o f c u t t i n g ;  
• 	  T h e  u s e  o f  m o w e r s  a s  o p p o s e d  t o  f l a i l s .  
7 .  U P L A N D  S T U D Y  
T h i s  s e c t i o n  i n c l u d e s  a r e p o r t  o n t h e  s t a t e  o f t h e  m a i n p a r t  o f t h i s  s t u d y .  
I n  a d d i t i o n ,  i n  c o n j u n c t i o n  w i t h  t h e  N a t i o n a l  T r u s t  i n  C u m b r i a ,  a  p r o  
f o r m a  w a s  d e v e l o p e d  t o  r e c o r d  r e c r e a t i o n a l  i m p a c t .  H o w e v e r ,  i n  t h e  3 1  
k m
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v i s i t e d  d u r i n g t h e  s u r v e y , t h e r e  w e r e  n o  e x a m p l e s w h a t e v e r  o f s u c h  
i m p a c t  w h i c h  h a s  b e e n  w i d e l y  o b s e r v e d  i n  t h e  L a k e  D i s t r i c t  a n d  i n  o t h e r  
u p l a n d  a r e a s  s u c h  a s  t h e  P e a k  D i s t r i c t  a n d  D a r t m o o r .  F u r t h e r m o r e ,  w i t h  
o n e  e x c e p t i o n  ( t h e  W e s t  H i g h l a n d  W a y ) ,  n o  w a l k e r s  a t  a l l  w e r e  s e e n  i n  
a n y  o f  t h e  s a m p l e  s i t e s .  W h i l s t  t h i s  o n l y  r e p r e s e n t s  a  s n a p - s h o t ,  t h e s e  
r e s u l t s  s u g g e s t  t h a t  r e c r e a t i o n a l  i m p a c t  i s  v e r y  s i t e - s p e c i f i c  a n d  t h r o u g h  
t h e  u p l a n d s  a s  a  w h o l e ,  i s  n o t  a  w i d e s p r e a d  p r o b l e m .  T h e  m a j o r i t y  o f  
v i s i t s  b y  w a l k e r s  a n d  c l i m b e r s  a r e  t o  w e l l - k n o w n  f a m o u s  l o c a t i o n s .  
S u c h  a  c o n c l u s i o n  h a s  b e e n  p r e v i o u s l y  p o i n t e d  o u t  i n  v a r i o u s  m e e t i n g s  
o f  t h e  A d v e n t u r e  a n d  E n v i r o n m e n t a l  A w a r e n e s s  G r o u p  m e e t i n g s  h e l d  i n  
C u m b r i a .  

T H E  I M P A C T S  O F  P O L L U T I O N  O N  B I O D I V E R S I T Y  I N  T H E  G R E A T  B R I T I S H  
L A N D S C A P E  
H o w a r d ,  D . C . ,  V a n  d e  P o l L  H .  M . ,  S m a r t ,  S . M . ,  H a c k ,  V .  a n d  B u n c e .  R . G . H .  
P r o g r e s s  r e p o r t  
T h e  s p a t i a l  v a r i a t i o n  i n  n i t r o g e n  i n  t w o  m o s s  s p e c i e s  t R a c o m i t r i u m  l a n u g i n o s u m  a n d  
S p h a g n u m  r e c u r v u m i  a n d  h e a t h e r  ( C a l l u n a  v u l g a r i s ) .  
T h e  a i m  o f  t h i s  p r o j e c t  i s  t o  i n v e s t i g a t e  t h e  p o t e n t i a l  c o n t r i b u t i o n  o f  a t m o s p h e r i c  p o l l u t a n t s  t o  
t h e d e t e r m i n a t i o n  o f p l a n t g e o g r a p h i c a l d i s t r i b u t i o n s a n d i n v e s t i g a t e t h e i n t e r a c t i o n s w i t h o t h e r  
f a c t o r s  s u c h  a s  g r a z i n g  a n d  l o c a l  e n v i r o n m e n t a l  e f f e c t s .  T h e  s p e c i e s  w e r e  s e l e c t e d  f o r  t h e i r  
r e p o r t e d d i f f e r e n t i a l  s e n s i t i v i t y t o  a t m o s p h e r i c  n i t r o g e n ( B a d d e l e y  e t  a l . ,  1 9 9 4 ) .  
A s  d e s c r i b e d  i n  t h e  p r e v i o u s  p r o g r e s s  r e p o r t ,  s i t e s  f o r  s u r v e y  w e r e  s e l e c t e d  u s i n g  t h e  
C o u n t r y s i d e  S u r v e y  1 9 9 0  ' X '  q u a d r a t s  t o  i d e n t i f y  w h e r e  t h e  t w o  m o s s e s  o c c u r r e d  i n  a  s a m p l e  
s q u a r e .  A s o n l y a l i m i t e d n u m b e r  o f s i t e s c o u l d b e v i s i t e d , a s e l e c t i o n o f s q u a r e s w i t h t h e  
h i g h e s t  o c c u r r e n c e  o f  m o s s  i n  t h e  q u a d r a t s  r e c o r d e d  i n  C S 9 0  w a s  m a d e .  S q u a r e s  w e r e  c h o s e n  
i n i t i a l l y  w h e r e  o n l y  f o u r  o u t  o f  f i v e  o f  t h e  ' X '  p l o t q u a d r a t s  c o n t a i n e d o n e o r b o t h s p e c i e s .  A  
s e c o n d s e l e c t i o n w a s  m a d e u s i n g t o t a l  N O x  d e p o s i t i o n i n  1 9 9 2 t o  g u a r a n t e e a  r a n g e o f p o l l u t a n t  
l e v e l s .  
O n c e i n t h e  f i e l d ,  d i f f i c u l t i e s o f g a i n i n g p e r m i s s i o n t o s u r v e y a n d c o l l e c t s a m p l e s a n d d i f f i c u l t y  
i n  l o c a t i n g R .  l a n u g i n o s u m  l e d  t o  a n  a l t e r a t i o n  o f  t h e  s a m p l i n g  r e g i m e  w i t h  s a m p l e s  b e i n g  
t a k e n  a t  a  n u m b e r  o f  l o c a t i o n s  w h i c h  w e r e  n o t  C o u n t r y s i d e  S u r v e y  1 9 9 0  s i t e s .  T h e  d i s t r i b u t i o n  
o f s i t e s i s s h o w n i n F i g u r e  1 a n d t h e I T E  l a n d c l a s s e s  o f t h e s a m p l e d s q u a r e s i s s h o w n i n T a b l e  
1 .  
T a b l e  1 	  T h e  d i s t r i b u t i o n  o f  s a m p l e  s i t e s  i n  I T E  l a n d  c l a s s e s .  T h o s e  s q u a r e s  s u r v e y e d  i n  1 9 9 0  
a r e  s e p a r a t e d  f r o m  t h o s e  w h i c h  w e r e  r e v i s i t e d  
L a n d  C l a s s  R e s u r v e y e d  F i r s t  v i s i t  T o t a l  




























S a m p l e s  o f  t h e  t h r e e  s p e c i e s  w e r e  c o l l e c t e d  i n  t h e  f i e l d ,  w h e r e  p o s s i b l e  i m m e d i a t e l y  
n e i g h b o u r i n g  a  q u a d r a t  l o c a t i o n  u s e d  i n  C o u n t r y s i d e  S u r v e y  1 9 9 0 .  G r a z i n g  w a s  r e c o r d e d  i n  
t e r m s  o f  s p e c i e s  o f  h e r b i v o r e  i n  l o c a t i o n  a n d  q u a n t i t y  o f  d r o p p i n g s .  T h e  l o c a l  m o r p h o l o g y  o f  
t h e l a n d s c a p e w a s  a l s o r e c o r d e d d e t a i l i n g t h e p o s i t i o n o f t h e s p e c i e s  i n  t h e  c o n t e x t  o f  t h e  
i m m e d i a t e  n e i g h b o u r h o o d .  
O n c e  t h e  s a m p l e s  w e r e  r e t u r n e d  t o  M e r l e w o o d ,  t h e y  w e r e  p r e p a r e d  f o r  c h e m i c a l  a n a l y s i s  b y  t h e  
r e m o v a l  o f  p r e v i o u s  y e a r s '  g r o w t h .  T h e  m a t e r i a l  w a s  t h e n  f i n e  g r o u n d .  T h e  E n v i r o n m e n t a l  
C h e m i s t r y  S e c t i o n  a t  I T E  M e r l e w o o d  a r e  p e r f o r m i n g  t h e  c h e m i c a l  a n a l y s i s  a n d  t h e  n i t r o g e n  
r e s u l t s  s h o u l d  b e  r e a d y  b y  m i d - A p r i l .  A n a l y s i s  o f  c a r b o n  a n d  p h o s p h o r u s  w i l l  b e  c a r r i e d  o u t ,  
d e p e n d e n t  u p o n  t h e  i n i t i a l  n i t r o g e n  a n a l y s i s ,  i n  l a t e  s p r i n g / s u m m e r .  
T h e  r e l a t i o n s h i p  b e t w e e n  t h e  n i t r o g e n  l e v e l s  i n  d i f f e r e n t  s p e c i e s  c o l l e c t e d  a t  t h e  s a m e  l o c a t i o n  
w i l l  b e  e x a m i n e d  i n  a n  a t t e m p t  t o  i d e n t i f y  i f  t h e  s p e c i e s  s h o w  i s  s i m i l a r  r e s p o n s e  t o  d i f f e r i n g  
l e v e l s  o f  a t m o s p h e r i c  p o l l u t i o n .  T h i s  m a y  n o t  b e  t h e  c a s e  a s  a t m o s p h e r i c  p o l l u t a n t  l e v e l s  v a r y  
o v e r d i f f e r e n t  t i m e - s c a l e s ( e g d a y ,  w e e k a n d s e a s o n ) a n d t h e s e n s i t i v i t y o f d i f f e r e n t s p e c i e s  m a y  
e q u a l l y  v a r y  o v e r  t h e  s a m e  t i m e - s c a l e s .  
T h e  v a r i a t i o n  o f  n i t r o g e n  l e v e l s  w i t h i n  a  s p e c i e s  w i l l  b e  i n v e s t i g a t e d  u s i n g  s p a t i a l  a n a l y s i s  a n d  
g e o s t a t i s t i c s .  A d d i t i o n a l  d a t a s e t s ,  i n c l u d i n g  t h e  L a n d  C o v e r  M a p  o f  G r e a t  B r i t a i n  a n d  t h e  f i e l d  
s u r v e y  d a t a  ( i n c l u d i n g  s o i l s )  f r o m  C o u n t r y s i d e  S u r v e y  1 9 9 0  ( s e e  B a r r  e t  a l .  1 9 9 3 ) .  A s j u s t  
u n d e r  h a l f o f t h e s i t e s w e r e v i s i t e d  f o r t h e f i r s t t i m e d u r i n g t h e s u r v e y o f  1 9 9 7 ,  t h e  a n a l y s i s  w i l l  
b e  d i v i d e d  w h e r e  n e c e s s a r y  t o  m a x i m i s e  t h e  u s e  o f  a v a i l a b l e  i n f o r m a t i o n .  S o . .  f o r  e x a m p l e  t h e  
s o i l s  i n f o r m a t i o n  a v a i l a b l e  f o r  t h o s e  s q u a r e s  s u r v e y e d  i n  1 9 9 0  w i l l  i n c l u d e  a  1 : 1 0 , 0 0 0  s c a l e  
s o i l s  m a p  d r a w n  u p  b y  e i t h e r  S S L R C  o r  M L U R I ,  w i l l  i n c l u d e  v e g e t a t i o n  i n f o r m a t i o n  
d e s c r i b i n g  t h e  v e g e t a t i o n  c l a s s e s  a n d  f o r  s o m e  o f  t h e  s q u a r e s  ( t h o s e  s u r v e y e d  i n  1 9 7 8  a s  w e l l ) ,  
s o i l  c h a r a c t e r i s t i c s  s u c h  a s  p H  a n d  o r g a n i c  c a r b o n  ( d e t e r m i n e d  b y  l o s s  o n  i g n i t i o n ) .  T h e  
s q u a r e s  f i r s t  v i s i t e d  w i l l  h a v e  i n f o r m a t i o n  s u c h  a s  t h e  d o m i n a n t  a n d  s u b - d o m i n a n t  s o i l s ,  b u t  
o n l y f r o m t h e 1 : 2 5 0 , 0 0 0  s c a l e p u b l i s h e d s o i l m a p s a n d t h e v e g e t a t i o n w i l l b e  o n l y t h a t r e c o r d e d  
d u r i n g t h e s u r v e y ( w h i c h  w a s  l a t e i n t h e s e a s o n , t o  m a x i m i s e  t h e s e a s o n s g r o w t h a n d g r a z i n g ) .  
O n e p r o b l e m w i t h t h e a n a l y s i s w i l l b e t h e a t m o s p h e r i c  n i t r o g e n c o n c e n t r a t i o n o r d e p o s i t i o n  
l e v e l s .  T h e s u r f a c e s u s e d t o d e s c r i b e t h e  l e v e l s a r e g e n e r a l l y p r e s e n t e d a s  2 0  k m  x  2 0  k m  
g r i d s , i t i s p o s s i b l e t o g e n e r a t e s u r f a c e s a t g r e a t e r r e s o l u t i o n ,  b u t t h e d a t a u s e d t o g e n e r a t e t h e  
s u r f a c e s a r e s p a t i a l l y  s p a r s e . A l t h o u g h  t h e v a r i a t i o n w i t h i n a  l o w l a n d 2 0  k m  s q u a r e m a y  b e  
s m a l l , i n  c o m p l e x u p l a n d  l a n d s c a p e s t h e r e i s k n o w n t o b e g r e a t u n c e r t a i n t y  ( S m i t h  e t  a l . ,  
1 9 9 5 ) .  T h e r e l a t i o n s h i p b e t w e e n d i f f e r e n t s a m p l e s c o l l e c t e d w i t h i n t h e s a m e s q u a r e , a n d  
v a l u e s c o l l e c t e d  f r o m s i t e s f a l l i n g w i t h i n t h e s a m e 2 0  k m  s q u a r e m a y g i v e s o m e m e a s u r e  o f t h e  
p r o b l e m .  
I t  i s  h o p e d t h a t t h e r e l a t i o n s h i p s  i d e n t i f i e d b e t w e e n t h e d i f f e r e n t v a r i a b l e s w i l l  a l l o w a t e s t a b l e  
h y p o t h e s i s  t o  b e  g e n e r a t e d  w h i c h  w i l l  s u g g e s t  p o s s i b l e  m e c h a n i s m s  a n d  p r o c e s s e s .  I f  s u c h  a  
h y p o t h e s i s c a n b e  g e n e r a t e d ,  i t m a y b e p o s s i b l e t o r e p e a t t h e s a m p l i n g  i n  C o u n t r y s i d e  S u r v e y  
2 0 0 0 .  
R e f e r e n c e s  
B a r r , C . J . ,  B u n c e , R . G . H . ,  C l a r k e , R . T . ,  F u l l e r , R . M . ,  F u r s e , M . T . ,  G i l l e s p i e , M . K . ,  
G r o o m , G . B . ,  H a l l a m , C . J . ,  H o r n u n g , M . ,  H o w a r d , D . C .  &  N e s s , M . J .  1 9 9 3 .  C o u n t r y s i d e  
S u r v e y  1 9 9 0 :  m a i n  r e p o r t .  C o u n t r y s i d e  1 9 9 0  v o l . 2 .  L o n d o n :  D e p a r t m e n t o f t h e  E n v i r o n m e n t .  
S m i t h , R . I . , H a l l ,  J . R . a n d H o w a r d , D . C .  ( 1 9 9 5 )  E s t i m a t i n g u n c e r t a i n t y i n t h e c u r r e n t c r i t i c a l  
l o a d s  e x c e e d a n c e  m o d e l s  W a t e r ,  A i r  a n d  S o i l s  P o l l u t i o n  8 5 :  2 5 0 3 - 2 5 0 8 .  
B a d d e l e y ,  J .  A .  T h o m p s o n ,  D .  B .  A .  a n d  L e e  J . A . ( 1 9 9 4 ) .  R e g i o n a l  a n d  h i s t o r i c a l  v a r i a t i o n  i n  
t h e  n i t r o g e n c o n t e n t  o f  R a c o m i t r i u m  l a n u g i n o s u m  i n  B r i t a i n  i n  r e l a t i o n  t o  a t m o s p h e r i c  n i t r o g e n  
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8 . 	  A N A L Y S I S  O F  C H A N G E  I N  
F U N C T I O N A L  T Y P E S  
T h e  r e p o r t  o f  t h e s e  c h a n g e s  i s  i n c l u d e d  i n  t h i s  s e c t i o n .  

F u n c t i o n a l  A n a l y s i s  o f  C o u n t r y s i d e  S u r v e y  V e g e t a t i o n  D a t a .  
T a b l e s  1  t o  3  s h o w  t h e  r e s u l t s  o f  f u n c t i o n a l  a n a l y s e s  c a r r i e d  o u t  o n  C o u n t r y s i d e  S u r v e y  
v e g e t a t i o n  p l o t  d a t a  s p l i t  b y  e c o t o p e  g r o u p ,  l a n d s c a p e  t y p e  a n d  p l o t  t y p e ,  t h e  d a t a  b e i n g  s p l i t  
d i f f e r e n t l y  i n  e a c h  t a b l e .  A s  w e l l  a s  r e s u l t s  a t  t h e  l e v e l  o f  s i n g l e  p l o t  t y p e s  i n  s i n g l e  l a n d s c a p e  
t y p e s  i n  e a c h  e c o t o p e  g r o u p ,  d a t a  f o r  g r o u p i n g s  o f  p l o t s  a t  h i g h e r  l e v e l s  a r e  a l s o  i n c l u d e d .  
T h i s  o v e r c o m e s  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  s m a l l  s a m p l e s  o f  p l o t s  i n  c e r t a i n  g r o u p i n g s .  I t  
a l s o  v a l i d a t e s  s o m e  o f  t h e  o b s e r v e d  f u n c t i o n a l  s h i f t s  s e e n  a t  f i n e  d i v i s i o n s  b y  s h o w i n g  t h e  
s a m e  p r o c e s s e s  i n  h i g h e r  a g g r e g a t i o n s  o f .  T h i s  m a y  p r o v i d e  b e t t e r  e v i d e n c e  o f  a  c o n s i s t e n t  
f u n c t i o n a l  s h i f t  i n  s p e c i e s  c h a r a c t e r i s t i c s .  
D e f i n i t i o n  o f  t h e  3  A n a l y s e s .  
D e t e c t i n g  c h a n g e s  i n  p l o t s  w i t h  s i m i l a r  v e g e t a t i o n  a n d  m a n a g e m e n t .  
T a b l e  1  c o n t a i n s  t h e  r e s u l t s  o f  a n  a n a l y s i s  o f  t h e  1 9 7 8  d a t a  f r o m  p l o t s  t h a t  w e r e  c l a s s i f i e d  a s  
b e l o n g i n g  t o  t h e  p a r t i c u l a r  e c o t o p e  g r o u p  i n  1 9 7 8  a n d  t h e  1 9 9 0  d a t a  f r o m  t h e  p l o t s  t h a t  w e r e  
c l a s s i f i e d  a s  b e l o n g i n g  t o  t h e  s a m e  e c o t o p e  g r o u p  i n  1 9 9 0 .  T h u s ,  t h e  e x a c t  p l o t s  i n  1 9 7 8  a n d  
1 9 9 0  m a y  n o t  b e  t h e  s a m e .  T h i s  a n a l y s i s  w i l l  b e  r e f e r r e d  t o  a s  ' s i m p l e '  a n a l y s i s .  
D e t e c t i n g  s u b t l e  c h a n g e s  i n  p l o t s  w h o s e  v e g e t a t i o n  r e m a i n e d  s u p e r f i c i a l l y  t h e  s a m e .  
T a b l e  2  c o n t a i n s  t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  d a t a  f r o m  o n l y  t h o s e  i n d i v i d u a l  p l o t s  t h a t  w e r e  
c l a s s i f i e d  a s  b e l o n g i n g  t o  t h e  s a m e  e c o t o p e  g r o u p  i n  1 9 9 0  a s  i n  1 9 7 8 .  T h i s  a n a l y s i s  w i l l  b e  
r e f e r r e d  t o  a s  ' s t a y  t h e  s a m e '  a n a l y s i s .  
P l o t  t y p e  I  
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L a n d s c a p e  t y p e  
E c o t o p e  g r o u p  H e d g e s  
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M a i n  p l o t s  
A l l  o l o t s ­
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( 2 )  
( 2 )  
*  
( 2 ) 
  
E u t r o p h i c  g ' l a n d  ( 3 )  
*  
( 0 )  
*  
( 3 )  
( 2 ) 
  
L o w l a n d  g ' l a n d  ( 4 )  
( 4 )  
( 6 )  
( 4 )  
( 6 )  
( 9 ) 
  







A c i d  w o o d s  ( 6 )  
*  
*  
( 9 )  
*  
1 1  
U p l a n d  g ' l a n d  ( 7 )  
*  *  
( 0 )  
( 8 )  
( 6 )  




( 5 )  
( 3 )  
T a b l e  1 .  F u n c t i o n a l  c h a n g e s  i n  e c o t o p e  g r o u p s  b e t w e e n  1 9 7 8  a n d  1 9 9 0 . 
  
D a t a  f o r  e a c h  y e a r  g r o u p e d  a c c o r d i n g  t o  t h e  e c o t o p e  g r o u p  i n  w h i c h  t h e  p l o t  w a s  c l a s s i f i e d  i n  t h a t  y e a r . 
  
F i g u r e s  a r e  n u m b e r  o f  s i g n i f i c a n t  c o r r e l a t i o n s  ( P = O . 0 5 )  b e t w e e n  s p e c i e s  p r o p o r t i o n a l  c h a n g e  a n d  v a l u e s  o f 
  
s p e c i e s  t r a i t s .  F i g u r e s  i n  b o l d  a r e  c o r r e l a t i o n s  t h a t  i n d i c a t e  c o n s i s t e n t  f u n c t i o n a l  c h a n g e s  t o  t h e  v e g e t a t i o n . 
  
F i g u r e s  i n  p a r e n t h e s e s  i n d i c a t e  c o r r e l a t i o n s  o f  u n c e r t a i n  e c o l o g i c a l  m e a n i n g .  A s t e r i s k s  i n d i c a t e  p l o t 
  
g r o u p i n g s  t h a t  d o  n o t  o c c u r  o r  c o n t a i n  t o o  f e w  p l o t s . 
  
P l o t  t y p e  I  
­
L a n d s c a p e  t y p e  
E c o t o p e  g r o u p  
H e d g e s  
R o a d  v e r g e s  S t r e a m s i d e s  
M a i n  p l o t s  
A l l  p l o t s ­
-
A r a b l e 	  






T a l l  g r a s s l a n d  ( 2 ) 
  
E u t r o p h i c  g ' l a n d  ( 3 ) 
  
L o w l a n d  g ' l a n d  ( 4 ) 
  
L o w l a n d  w d s / h d g s  ( 5 ) 
  
A c i d  w o o d s  ( 6 ) 
  
U p l a n d  g ' l a n d  ( 7 ) 
  
B o g s / h e a t h s  ( 8 ) 
  
M a r g i n a l  u p l a n d  
C r o p s  ( 1 )  
T a l l  g r a s s l a n d  ( 2 ) 
  
E u t r o p h i c  g ' l a n d  ( 3 ) 
  
L o w l a n d  g ' l a n d  ( 4 ) 
  
L o w l a n d  w d s / h d g s  ( 5 ) 
  
A c i d  w o o d s  ( 6 ) 
  
U p l a n d g ' l a n d  ( 7 ) 
  
B o g s / h e a t h s  ( 8 ) 
  
P a s t u r a l 	  
C r o p s  ( 1 )  
T a l l  g r a s s l a n d  ( 2 ) 
  
E u t r o p h i c  g ' l a n d  ( 3 ) 
  
L o w l a n d  g ' l a n d  ( 4 ) 
  
L o w l a n d  w d s / h d g s  ( 5 ) 
  
A c i d  w o o d s  ( 6 ) 
  
U p l a n d g ' l a n d  ( 7 ) 
  
B o g s / h e a t h s  ( 8 ) 
  
U p l a n d 	  
C r o p s  ( 1 )  
T a l l  g r a s s l a n d  ( 2 ) 
  
E u t r o p h i c g ' l a n d  ( 3 ) 
  
L o w l a n d  g ' l a n d  ( 4 ) 
  
L o w l a n d  w d s l h d g s  ( 5 ) 
  
A c i d  w o o d s  ( 6 ) 
  
U p l a n d  g ' l a n d  ( 7 ) 
  
B o g s / h e a t h s  ( 8 ) 
  
A l l  l a n d s c a p e  t y p e s  
E c o t o p e  G r o u p 
  
C r o p s  ( 1 ) 
  
T a l l  g r a s s l a n d  ( 2 ) 
  
E u t r o p h i c  g ' l a n d  ( 3 ) 
  
L o w l a n d  g ' l a n d  ( 4 ) 
  
L o w l a n d  w d s l h d g s  ( 5 ) 
  
A c i d  w o o d s  ( 6 ) 
  
U p l a n d  g ' l a n d  ( 7 ) 
  
B o g s / h e a t h s  ( 8 ) 
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I  
R o a d  v e r g e s  S t r e a m s i d e s  
*
*  
( 2 )  
( 1 )  







( 1 )  
*  




















( 6 ) 
  
( 0 )  




( 1 ) 
  















( 0 )  
( 0 )  
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M a i n  p l o t s  
( 5 )  
*  
( 2 )  
( 0 )  
*  
*  
( 6 )  
( 4 )  
6  
4  
( 1 )  
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( 3 )  
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A l l  p l o t s  
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6  
( 2 )  
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( 2 )  
T a b l e 2 . F u n c t i o n a l c h a n g e s i n e c o t o p e g r o u p s b e t w e e n  1 9 7 8 a n d 1 9 9 0 .  
D a t a f r o m p l o t s t h a t w e r e c l a s s i f i e d  a s b e l o n g i n g  t o t h e s a m e e c o t o p e g r o u p i n 1 9 7 8 a n d 1 9 9 0 .  
F i g u r e s  a r e  n u m b e r  o f  s i g n i f i c a n t  c o r r e l a t i o n s  ( P = 0 . 0 5 )  b e t w e e n  s p e c i e s  p r o p o r t i o n a l  c h a n g e  a n d  v a l u e s  o f  
s p e c i e s t r a i t s . F i g u r e s i n b o l d a r e c o r r e l a t i o n s t h a t i n d i c a t e c o n s i s t e n t f u n c t i o n a l  c h a n g e s t o t h e v e g e t a t i o n .  
F i g u r e s i n p a r e n t h e s e s i n d i c a t e c o r r e l a t i o n s o f u n c e r t a i n  e c o l o g i c a l  m e a n i n g . A s t e r i s k s i n d i c a t e p l o t  
g r o u p i n g s  t h a t  d o  n o t  o c c u r  o r  c o n t a i n  t o o  f e w  p l o t s .  H y p h e n s  a r e  p l o t  g r o u p i n g s  t h a t  c o n t a i n  t o o  f e w  
p l o t s  f o r  t h i s  p a r t i c u l a r  a n a l y s i s .  
P l o t  t y p e  I  
-
L a n d s c a p e  t y p e  
E c o t o p e  g r o u p  
H e d g e s  
R o a d  v e r g e s  S t r e a m s i d e s  
M a i n  p l o t s  
A l l  p l o t s ­
-
A r a b l e  
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T a l l  g r a s s l a n d  ( 2 )  
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E u t r o p h i c  g ' l a n d  ( 3 )  
7  
2  
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( 4 )  
L o w l a n d  g ' l a n d  ( 4 )  
.  
·  
( 0 )  
6  
( 6 )  
L o w l a n d  w d s / h d g s  ( 5 )  
4  
·  
( 0 )  
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M a r g i n a l  u p l a n d  






T a l l  g r a s s l a n d  ( 2 )  






E u t r o p h i c  g ' l a n d  ( 3 )  
*  
( 2 )  
*  
( 3 )  
( 5 ) 
  
L o w l a n d  g ' J a n d  ( 4 )  ( 1 )  
1 2  
( 5 )  
( 2 )  
( 6 ) 
  






A c i d  w o o d s  ( 6 )  
*  
*  
( 0 )  
*  
( 5 ) 
  
U p l a n d  g ' l a n d  ( 7 )  
*  
*  
( 2 )  ( 1 )  
( 3 ) 
  
B o g s / h e a t h s  ( 8 )  
*  
*  
( 2 )  
( 1 )  
( 0 ) 
  
P a s t u r a l  






T a l l  g r a s s l a n d  ( 2 )  
7  
( 2 )  
( 0 )  
*  
( 0 )  
E u t r o p h i c  g ' l a n d  ( 3 )  
*  
4  
( 2 )  
( 1 )  
6  
L o w l a n d  g ' l a n d  ( 4 )  
( 2 )
6  
1 0  
( 3 )  
1 2  
L o w l a n d  w d s l h d g s  ( 5 )  
( 1 )  
*  
( 5 )  
*  
1 1  
A c i d w o o d s  ( 6 )  
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*  
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U p l a n d  g ' l a n d  ( 7 )  
*  
*  *  
*  
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U p l a n d  g ' l a n d  ( 7 )  
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*  
( 6 )  ( 3 )  
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A l l  l a n d s c a p e  t y p e s  
P l o t  T y p e  
I  
E c o t o p e  G r o u p  
H e d g e s  
R o a d  v e r g e s  S t r e a m s i d e s  
M a i n  p l o t s  
A l l  p l o t s  




1 1  
1 3  
T a l l  g r a s s l a n d  ( 2 )  9  
( 7 )  
( 4 )  
*  
( 2 )  
E u t r o p h i c  g t l a n d  ( 3 )  
*  
( 5 )  
*  
( 1  )  
( 5 )  
L o w l a n d  g ' l a n d  ( 4 )  
( 3 )  
1 2  
1 1  
( 4 )
1 2  
L o w l a n d  w d s l h d g s  ( 5 )  











U p l a n d  g ' l a n d  ( 7 )  
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B o g s / h e a t h s  ( 8 )  
-
G r a n d  T o t a l  
T a b l e  3 .  F u n c t i o n a l  c h a n g e s  i n  e c o t o p e  g r o u p s  b e t w e e n  1 9 7 8  a n d  1 9 9 0 . 
  
D a t a  f o r  e a c h  y e a r  g r o u p e d  a c c o r d i n g  t o  t h e  e c o t o p e  g r o u p  i n  w h i c h  t h e  p l o t  w a s  c l a s s i f i e d  i n  1 9 7 8 . 
  
F i g u r e s  a r e  n u m b e r  o f  s i g n i f i c a n t  c o r r e l a t i o n s  ( P = O . 0 5 )  b e t w e e n  s p e c i e s  p r o p o r t i o n a l  c h a n g e  a n d  v a l u e s  o f 
  
s p e c i e s  t r a i t s .  F i g u r e s  i n  b o l d  a r e  c o r r e l a t i o n s  t h a t  i n d i c a t e  c o n s i s t e n t  f u n c t i o n a l  c h a n g e s  t o  t h e  v e g e t a t i o n . 
  
F i g u r e s  i n  p a r e n t h e s e s  i n d i c a t e  c o r r e l a t i o n s  o f  u n c e r t a i n  e c o l o g i c a l  m e a n i n g .  A s t e r i s k s  i n d i c a t e  p l o t 
  
g r o u p i n g s  t h a t  d o  n o t  o c c u r  o r  c o n t a i n  t o o  f e w  p l o t s . 
  
F o l l o w i n g  t h e  d i v e r g e n t / a t e  o f p l o t s  f r o m  a  c o m m o n  s t a r t i n g  p o i n t .  
T a b l e  3  c o n t a i n s  t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  d a t a  f r o m  p l o t s  g r o u p e d  a c c o r d i n g  t o  t h e  
e c o t o p e  g r o u p  i n t o  w h i c h  t h e y  w e r e  c l a s s i f i e d  i n  1 9 7 8 ,  i r r e s p e c t i v e  o f  w h i c h  e c o t o p e  g r o u p  
t h e y  b e l o n g e d  t o  i n  1 9 9 0 .  T h i s  a n a l y s i s  w i l l  b e  r e f e r r e d  t o  a s  ~ 1 9 7 8 - b a s e d '  a n a l y s i s .  
R e s u l t s  
T h e  f i g u r e s  i n  t a b l e s  1  t o  3  a r e  t h e  n u m b e r s  o f  s i g n i f i c a n t  c o r r e l a t i o n s  ( s i g n i f i c a n t  a t  P = O . 0 5  
o r  l e s s )  b e t w e e n  t h e  p r o p o r t i o n a l  c h a n g e  i n  s p e c i e s  a b u n d a n c e  ( b a s e d  o n  t h e  n u m b e r  o f  p l o t s  
i n  w h i c h  i t  o c c u r r e d )  a n d  t h e  v a l u e s  o f  v a r i o u s  t r a i t s  f o r  t h e  s p e c i e s .  T h e  n u m b e r s  i n  b o l d  
i n d i c a t e  t h o s e  s i t u a t i o n s  w h e r e  t h e  s e t  o f  c o r r e l a t i o n s  s u g g e s t s  a  c o n s i s t e n t  p r o c e s s  o f  c h a n g e  
a f f e c t i n g  t h e  g r o u p  o f  p l o t s  b e t w e e n  t h e  2  d a t e s .  O t h e r  v a l u e s  r e p r e s e n t  s e t s  o f  c o r r e l a t i o n s  o f  
u n c e r t a i n  e c o l o g i c a l  s i g n i f i c a n c e .  
T h e  n u m b e r  o f  c o r r e l a t i o n s  c a n n o t  b e  t a k e n  a s  a n  i n d i c a t o r  o f  p r o c e s s e s  o f  c h a n g e  w i t h i n  t h e  
p l o t s .  T h e  t r a i t s  i n c l u d e  t h o s e  d e r i v e d  f r o m  p l a n t  s p e c i e s  d i s t r i b u t i o n s  ( b a s e d  o n  s u r v e y s  o f  
v e g e t a t i o n  i n  C e n t r a l  E n g l a n d ) ,  t h r o u g h  t r a i t s  o f  p l a n t  m o r p h o l o g y  d e r i v e d  f r o m  f l o r a s  ( e . g .  
p l a n t  h e i g h t )  t o  r e l i a b l e ,  p r e d i c t i v e  t r a i t s  o f  s p e c i e s  e c o l o g y  ( e . g .  l e a f  m i n e r a l  n u t r i e n t  
c o n t e n t s ) .  T h u s ,  a  l a r g e  n u m b e r  o f  c o r r e l a t i o n s  w i t h  t h e  l e s s  r e l i a b l e  d i s t r i b u t i o n  d a t a  m a y  b e  
l e s s  i n d i c a t i v e  o f  c h a n g e  t h a n  a  s m a l l e r  n u m b e r  o f  c o r r e l a t i o n s  w i t h  h a r d ,  p r e d i c t i v e  
v a r i a b l e s .  F u r t h e r m o r e ,  i n  s i t u a t i o n s  w h e r e  p r o c e s s e s  o f  c h a n g e  h a v e  a f f e c t e d  t h e  p l o t s  i n  
m o r e  t h a n  o n e  d i r e c t i o n ,  a  c o n f u s e d  s e t  o f  s i g n i f i c a n t  c o r r e l a t i o n s  m a y  g i v e  a n  a p p a r e n t l y  
s e l f - c o n t r a d i c t o r y  p i c t u r e .  T h e  b o l d  f i g u r e s  a r e  t h u s  b a s e d  o n  i n t e r p r e t a t i o n  o f  t h e  r a w  
c o r r e l a t i o n  d a t a .  b r i e f  c o m m e n t a r y  i s  a l s o  p r o v i d e d .  
2  
D i s c u s s i o n  a n d  I n t e r p r e t a t i o n  o f  R e s u l t s .  
" S i m p l e '  A n a l y s i s .  
C r o p s  e c o t o p e  g r o u p .  V i a b l e  g r o u p s  o f  p l o t s  o c c u r  i n  o n l y  2  l a n d s c a p e s  a n d  s i g n i f i c a n t  
c h a n g e s  a r e  s e e n  o n l y  i n  t h e  a r a b l e  l a n d s c a p e .  T h e  c h a n g e s  i n d i c a t e  i n c r e a s e s  i n  d i s t u r b a n c e  
i n  l i n e a r  a s  w e l l  a s  m a i n  p l o t s .  I n c r e a s e s  i n  s e e d  w e i g h t  a n d  p l a n t  c a n o p y  h e i g h t  a r e  
a s s o c i a t e d  w i t h  l a r g e - s e e d e d  r u d e r a l s  t h a t  g e r m i n a t e  i n  t h e  a u t u m n .  T h e  c h a n g e  i s  t h o u g h t  t o  
b e  l i n k e d  t o  a  c h a n g e  f r o m  s p r i n g  t o  a u t u m n  s o w n  c r o p s .  N o  s u c h  c h a n g e s  o c c u r r e d  i n  t h e  
p a s t u r a l l a n d s c a p e .  
T a l l  g r a s s l a n d  a g a i n  o n l y  s h o w s  c h a n g e  i n  t h e  a r a b l e  l a n d s c a p e .  C h a n g e s  a r e  m a s k e d  b y  t h e  
l a c k  o f  c h a n g e  o r  c o n t r a d i c t o r y  c h a n g e s  i n  o t h e r  l a n d s c a p e  t y p e s ,  w h e n  a l l  l a n d s c a p e  t y p e s  a r e  
a n a l y s e d  t o g e t h e r .  C h a n g e s  i n  b o t h  r o a d  v e r g e s  a n d  h e d g e s  a r e  q u i t e  s t r o n g l y  i n d i c a t i v e  o f  
d e r e l i c t i o n  a s  b o t h  p l o t  t y p e s  b e c o m e  l e s s  r u d e r a l  a n d  m o r e  d o m i n a t e d  b y  c o m p e t i t i v e  s p e c i e s  
o r  s p e c i e s  w i t h  e x t e n s i v e  c a n o p i e s  t h a t  u n d e r g o  a n  e x t e n d e d  p e r i o d  o f  g r o w t h  b e f o r e  
f l o w e r i n g .  T h i s  p a t t e r n  i s  n o t  s e e n  i n  s t r e a m s i d e  p l o t s .  
E u t r o p h i c  g r a s s l a n d  s h o w s  v e r y  l i t t l e  i n  t h e  w a y  o f  c o n s i s t e n t  c h a n g e .  T h e  e c o t o p e  g r o u p  
n a m e  s u g g e s t s  t h a t  t h i s  v e g e t a t i o n  i s  a l r e a d y  i n t e n s i v e l y  m a n a g e d  t h e r e f o r e  u n l i k e l y  t o  b e  
f u r t h e r  c h a n g e d .  T h e  o n l y  c h a n g e  i s  s e e n  i n  t h e  m a r g i n a l  u p l a n d s  w h e r e  i n t e n s i f i c a t i o n  m a y  
b e  l e s s  a d v a n c e d  b u t  t h e  c o r r e l a t i o n s  a r e  n o t  s t r o n g l y  i n d i c a t i v e  o f  a n y  p a r t i c u l a r  p r o c e s s .  
L o w l a n d  g r a s s l a n d  s h o w s  m a n y  s i g n i f i c a n t  c h a n g e s ,  p a r t i c u l a r l y  i n  s t r e a m s i d e  a n d  m a i n  
p l o t s .  T h e  d a t a  a l s o  p r o v i d e  a  g o o d  e x a m p l e  o f  t h e  e f f i c a c y  o f  u s i n g  a  w i d e  v a r i e t y  o f  p l a n t  
t r a i t s ,  a s  i n  s e v e r a l  c a s e s  s u b s e t s  o f  t h e  d a t a  i n d i c a t e  t h e  s a m e  c h a n g e s  a s  h i g h e r  g r o u p i n g s  
b u t  v i a  s i g n i f i c a n t  c h a n g e s  i n  d i f f e r e n t  v a r i a b l e s ;  t h e  ' b e l t  a n d  b r a c e s '  t h e o r y  o f  u s i n g  a  
v a r i e t y  o f  ' s o f t '  p r e d i c t i v e  t r a i t s .  T h e  c h a n g e s  o b s e r v e d  a l s o  d i f f e r  b e t w e e n  l a n d s c a p e  t y p e s .  
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R e s u l t s  f r o m  a r a b l e  l a n d s c a p e  s t r e a m s i d e ,  m a i n  p l o t s  a n d  a l l  p l o t s  i n d i c a t e  i n c r e a s e s  i n  
d i s t u r b a n c e  a s  t h e y  a l l  s h o w  i n c r e a s e s  i n  s p e c i e s  r i c h n e s s  a n d  i n  s p e c i e s  o f  d i s t u r b e d  h a b i t a t s  
a t  t h e  e x p e n s e  o f  s p e c i e s  o f  m o r e  c l o s e d  h a b i t a t s .  S m a l l e r  s e e d e d  s p e c i e s  a l s o  s e e m  t o  b e  
i n c r e a s i n g .  
I n  t h e  m a r g i n a l  u p l a n d  l a n d s c a p e  t h e  c h a n g e s  t o  s t r e a m s i d e  a n d  m a i n  p l o t s  s e e m  t o  b e  i n  t h e  
d i r e c t i o n  o f  e u t r o p h i c a t i o n .  B o t h  g r o u p i n g s  s h o w  c o r r e l a t i o n s  t h a t  m a y  i n d i c a t e  t h i s  p r o c e s s  
b u t  v i a  d i f f e r e n t  s e t s  o f  t r a i t s .  T h e  p r o c e s s  i s  m a s k e d  a t  t h e  w h o l e  l a n d s c a p e  l e v e l  b y  m a n y  
h e d g e r o w  a n d  r o a d  v e r g e  p l o t s  t h a t  d o  n o t  s h o w  t h e  s a m e  c h a n g e s .  
T h e  p a s t u r a l  l a n d s c a p e  s h o w s  i t s  o w n  p r o c e s s e s  o f  c h a n g e ,  b o t h  s t r e a m s i d e  a n d  r o a d  v e r g e  
p l o t s  h a v i n g  c o r r e l a t i o n s  t h a t  s u g g e s t  i n c o n c l u s i v e l y  p r o c e s s e s  o f  d e r e l i c t i o n  o r  
e u t r o p h i c a t i o n .  T h e  e c o t o p e  g r o u p  f o r  t h e  w h o l e  l a n d s c a p e  t y p e  s u g g e s t s  s t r o n g l y  t h e  p r o c e s s  
o f  e u t r o p h i c a t i o n .  T h i s  i s  a  v e r y  p r o m i n e n t  e c o t o p e  g r o u p  i n  t h e  p a s t u r a l  l a n d s c a p e  a n d  
c h a n g e s  m a y  b e  g o i n g  o n  i n  m o r e  t h a n  o n e  d i r e c t i o n  w i t h i n  t h e  g r o u p s ,  p a r t i c u l a r l y  t h e  m a i n  
p l o t s .  H o w e v e r ,  e u t r o p h i c a t i o n  t h r o u g h o u t  t h e  l a n d s c a p e  t y p e  i s  s t r o n g l y  i n d i c a t e d .  
N o t  s u r p r i s i n g l y ,  n o  i n d i c a t i o n  o f  p r o c e s s e s  o f  c h a n g e  i s  o b v i o u s  a t  t h e  a l l  l a n d s c a p e  t y p e s  
l e v e l  d u e  t o  t h e  v a r i e t y  o f  p r o c e s s e s  i d e n t i f i e d  i n  i n d i v i d u a l  l a n d s c a p e s .  
L o w l a n d  w o o d s  a n d  h e d g e s .  H e r e ,  a g a i n  c h a n g e  i s  s u g g e s t e d  i n  t h e  a r a b l e  l a n d s c a p e  a n d  n o t  
i n  t h e  p a s t u r a l l a n d s c a p e .  T h e  c o r r e l a t i o n s  f o r  t h e  a r a b l e  l a n d s c a p e  s u g g e s t  t h a t  e u t r o p h i c a t i o n  
m a y  b e  o c c u r r i n g ,  a  p r o c e s s  i n d i c a t e d  f o r  t h e  w h o l e  e c o t o p e  g r o u p  t h r o u g h o u t  a l l  l a n d s c a p e  
t y p e s .  
A c i d  w o o d s  i s  a  r e l a t i v e l y  l i m i t e d  t y p e  b u t  s t i l l  s h o w s  p r o c e s s e s  o f  c h a n g e  a f f e c t i n g  
v e g e t a t i o n  b e t w e e n  1 9 7 8  a n d  1 9 9 0 .  C h a n g e  i s  s e e n  i n  t h e  u p l a n d  l a n d s c a p e  w h e r e  t w o  
r e l i a b l e  c o r r e l a t i o n s  i n d i c a t e  i n c r e a s e s  i n  s p e c i e s  o f  n u t r i e n t  r i c h  h a b i t a t s .  W h e n  a l l  u p l a n d  
p l o t s  a r e  a n a l y s e d  t h e  s u g g e s t i o n  o f  e u t r o p h i c a t i o n  i s  m u c h  g r e a t e r .  L a r g e ,  c o m p e t i t i v e  
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s p e c i e s  o f  n u t r i e n t  r i c h  h a b i t a t s  a r e  i n c r e a s i n g  a t  t h e  e x p e n s e  o f  s t r e s s  t o l e r a n t  s p e c i e s  o f  
d i v e r s e  h a b i t a t s .  T h e r e  i s  a l s o  a n  i n d i c a t i o n  o f  d e r e l i c t i o n ,  a  p r o c e s s  i n d i c a t e d  f o r  a l l  
s t r e a m s i d e  p l o t s . 
  
U p l a n d  g r a s s l a n d  s h o w e d  l i t t l e  e v i d e n c e  o f  c h a n g e  b e t w e e n  1 9 7 8  a n d  1 9 9 0 . 
  
B o g s  a n d  h e a t h s  a g a i n  s h o w e d  n o  o v e r w h e l m i n g  i n d i c a t i o n s  o f  c h a n g e  i n  t h e  f u n c t i o n a l 
  
m a k e - u p  o f  t h e  v e g e t a t i o n .  T h e  l a r g e  n u m b e r  o f  c o r r e l a t i o n s  i n  t h e  m a r g i n a l  u p l a n d  l a n d s c a p e 
  
a r e  l a r g e l y  d i s t r i b u t i o n  r e l a t e d  t r a i t s  o f  l i t t l e  i n d i c a t i v e  v a l u e  i n  t h i s  c a s e . 
  
S u m m a r y . 
  
' S i m p l e '  a n a l y s i s .  D e t e c t i n g  c h a n g e s  i n  p l o t s  w i t h  s i m i l a r  v e g e t a t i o n  a n d  m a n a g e m e n t . 
  
•  C h a n g e d  d i s t u r b a n c e  i n  c r o p s  g r o u p  i n  a r a b l e  l a n d s c a p e .  
•  D e r e l i c t i o n  o f  r o a d  v e r g e s  a n d  h e d g e r o w s  i n  t a l l  g r a s s l a n d  i n  a r a b l e  l a n d s c a p e .  
•  I n c r e a s e d  d i s t u r b a n c e  i n  l o w l a n d  g r a s s l a n d  i n  a r a b l e  l a n d s c a p e .  
•  E u t r o p h i c a t i o n  o f  s t r e a m s i d e  a n d  m a i n  p l o t s  i n  l o w l a n d  g r a s s l a n d  i n  m a r g i n a l  u p l a n d s .  
•  E u t r o p h i c a t i o n  o f  l o w l a n d  g r a s s l a n d  i n  p a s t u r a l l a n d s c a p e .  
•  E u t r o p h i c a t i o n  o f  l o w l a n d  w o o d s  a n d  h e d g e s  e s p e c i a l l y  i n  a r a b l e  l a n d s c a p e .  
•  E u t r o p h i c a t i o n  o f  a c i d  w o o d s  i n  t h e  u p l a n d  l a n d s c a p e .  
' S t a y  t h e  s a m e '  a n a l y s i s  
T h i s  a n a l y s i s  i n c l u d e s  f e w e r  p l o t s  t h a n  e i t h e r  o f  t h e  o t h e r  2  a n a l y s e s  a n d  s o  s o m e  o f  t h e  p l o t  
g r o u p i n g s  h a v e  b e e n  e x c l u d e d ,  a s  t h e y  c o n t a i n  t o o  f e w  p l o t s  t o  g i v e  a  m e a n i n g f u l  i n d i c a t i o n  
o f  c h a n g e .  S u c h  g r o u p i n g s  a r e  i n d i c a t e d  w i t h  a  ' - '  i n  t a b l e  2 .  
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T h i s  a n a l y s i s  i s  a b l e  t o  d e t e c t  t h e  m o s t  s u b t l e  s h i f t s  i n  f u n c t i o n a l  c o m p o s i t i o n  o v e r  t h e  t i m e  
p e r i o d .  
C r o p s  e c o t o p e  g r o u p  a g a i n  s h o w s  c h a n g e s  i n  t h e  a r a b l e  l a n d s c a p e  b u t  n o t  i n  t h e  p a s t u r a l  
l a n d s c a p e .  C h a n g e s  s u g g e s t  a n  i n c r e a s e d  d i s t u r b a n c e  r e g i m e ,  f a v o u r i n g  l a r g e  s e e d e d ,  t a l l  
s p e c i e s  a d a p t e d  t o  f r e q u e n t  d i s t u r b a n c e .  T h e  s a m e  c h a n g e  i s  i n d i c a t e d  w h e n  a l l  c r o p  p l o t s  a r e  
l o o k e d  a t  t o g e t h e r ,  d e m o n s t r a t i n g  t h e  o v e r w h e l m i n g  e f f e c t  o f  t h e  l a r g e  n u m b e r  o f  a r a b l e  
l a n d s c a p e  p l o t s  o v e r  t h e  p a s t u r a l  l a n d s c a p e  p l o t s .  
T a l l  g r a s s l a n d  s h o w s  v e r y  l i t t l e  e v i d e n c e  o f  c h a n g e  i n  t h i s  a n a l y s i s .  T h e  5  c o r r e l a t i o n s  f o r  
a r a b l e  l a n d s c a p e  h e d g e  p l o t s  d i d  n o t  p r o v i d e  a n y  e v i d e n c e  o f  a  c o n s i s t e n t  p r o c e s s  o f  c h a n g e .  
T h e  r e s u l t s  f o r  a l l  a r a b l e  p l o t s  s u g g e s t e d  t h a t  e u t r o p h i c a t i o n  m a y  b e  o c c u r r i n g ,  w i t h  v e r y  
r e l i a b l e  t r a i t s  p o s i t i v e l y  c o r r e l a t e d .  I t  c o u l d  b e  t h a t  t h e  c h a n g e s  d e t e c t e d  i n  t h e  ' s i m p l e '  
a n a l y s i s  w e r e  l a r g e l y  t h e  r e s u l t  o f  s h i f t s  i n  t h e  p l o t s  t h a t  a l t e r e d  e n o u g h  t o  c h a n g e  e c o t o p e  
g r o u p  b e t w e e n  1 9 7 8  a n d  1 9 9 0 .  I n  t h e  ' s i m p l e '  a n a l y s i s  o v e r  4 0 %  o f  t h e  1 9 7 8  p l o t s  w e r e  
c l a s s i f i e d  d i f f e r e n t l y  i n  1 9 9 0  a n d  5 5 %  o f  t h e  1 9 9 0  p l o t s  c a m e  f r o m  d i f f e r e n t  e c o t o p e  g r o u p s  
i n  1 9 7 8 .  T h i s  c o u l d  b e  a n  e x a m p l e  o f  c h a n g e  b e i n g  l a r g e l y  d u e  t o  c h a n g e  i n  a  l i m i t e d  p a r t  o f  
t h e  l a n d s c a p e .  
E u t r o p h i c  g r a s s l a n d  a g a i n  s h o w s  v e r y  l i t t l e  c h a n g e  e x c e p t  f o r  i n  t h e  a r a b l e  l a n d s c a p e  m a i n  
p l o t s .  H e r e  t h e  c o r r e l a t i o n s  g i v e  q u i t e  s t r o n g  e v i d e n c e  o f  e u t r o p h i c a t i o n  o e c u n i n g .  T h i s  m a y  
h a v e  b e e n  m a s k e d  i n  t h e  p r e v i o u s  a n a l y s i s  b y  p l o t s  c h a n g i n g  b e t w e e n  e c o t o p e  g r o u p s .  T h e  
1 9 9 0  g r o u p  c o n t a i n e d  o v e r  4 0 0 / 0  o f  p l o t s  f r o m  s e v e r a l  o t h e r  1 9 7 8  e c o t o p e  g r o u p s  m a k i n g  
c o n s i s t e n t  s h i f t s  d i f f i c u l t  t o  d e t e c t  g i v e n  t h e  v a r i e t y  o f  s t a r t i n g  p o i n t s .  
L o w l a n d  g r a s s l a n d  s h o w s  c h a n g e s  t o  r o a d  v e r g e s  i n  t h e  p a s t u r a l  a n d  m a r g i n a l  u p l a n d  
l a n d s c a p e s ,  t o  s t r e a m s i d e s  i n  t h e  p a s t u r a l  l a n d s c a p e ,  a n d  a l s o  w h e n  a l l  o f  s u c h  p l o t  t y p e s  a r e  
a n a l y s e d  f o r  a l l  l a n d s c a p e  t y p e s .  
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A l l  o f  t h e  g r o u p i n g s  s h o w  c o n s i s t e n t  i n c r e a s e s  i n  l a r g e ,  l o n g - l i v e d  s p e c i e s  a b l e  t o  d o m i n a t e  
t h e  v e g e t a t i o n  i n d i c a t i n g  e u t r o p h i c a t i o n  o r  d e r e l i c t i o n  o r  b o t h .  T h e  c h a r a c t e r i s t i c s  o f  
d e c r e a s i n g  s p e c i e s  d o  n o t  h e l p  t o  d e c i d e  b e t w e e n  t h e s e  p o s s i b i l i t i e s ,  g i v i n g  e v i d e n c e  o f  b o t h .  
I t  i s  l i k e l y  t h a t  b o t h  a r e  o c c u r r i n g .  T h e s e  c h a n g e s  a r e  i n  a c c o r d a n c e  w i t h  f i n d i n g s  o f  t h e  
' s i m p l e '  a n a l y s i s .  H e r e  t h e  s l i g h t  i n d i c a t i o n  g i v e n  i n  m a n y  s m a l l e r  g r o u p i n g s  a l l  i n d i c a t e  t h e  
s a m e  p r o c e s s e s ,  l e n d i n g  w e i g h t  t o  t h e  c o n c l u s i o n .  
L o w l a n d  w o o d s  a n d  h e d g e s .  R e l a t i v e l y  f e w  p l o t s  w e r e  a v a i l a b l e  f o r  a n a l y s i s  i n  t h e  
i n d i v i d u a l  l a n d s c a p e  t y p e s ,  h o w e v e r  b o t h  s h o w e d  i n c r e a s e s  o f  l a r g e ,  c o m p e t i t i v e  s p e c i e s .  T h e  
r e s u l t s  f o r  a l l  p l o t  t y p e s  i n  t h e  p a s t u r a l  l a n d s c a p e  t e n d  f u r t h e r  t o  i n d i c a t e  e u t r o p h i c a t i o n .  
S t r e s s  t o l e r a n t  s p e c i e s  f r o m  s p e c i e s  r i c h  h a b i t a t s  a r e  s h o w n  t o  b e  d e c r e a s i n g  a t  t h e  e x p e n s e  o f  
t h e  p r e v i o u s l y  m e n t i o n e d  s p e c i e s .  T h i s  r e s u l t  i s  f i n a l l y  c o n f i r m e d  i n  t h e  a n a l y s i s  o f  a l l  
e c o t o p e  g r o u p  5  p l o t s .  T h e s e  c o r r e l a t i o n s  s t r o n g l y  s u g g e s t  e u t r o p h i c a t i o n  i n  t h e s e  p l o t s .  
A c i d  w o o d s  s h o w e d  n o  e v i d e n c e  o f  f u n c t i o n a l  s h i f t s  b e t w e e n  1 9 7 8  a n d  1 9 9 0 .  C o m p a r i n g  t h i s  
w i t h  t h e  r e s u l t s  o f  t h e  ' s i m p l e '  a n a l y s i s ,  i t  m a y  b e  t h a t  t h e  v e r y  d i s t i n c t  s h i f t s  s e e n  t h e r e  w e r e  
c a u s e d  b y  t h e  p r o p o r t i o n  o f  t h e s e  p l o t s  t h a t  c h a n g e d  e n o u g h  t o  s h i f t  b e t w e e n  e c o t o p e  g r o u p s  
b y  1 9 9 0 ,  t h o s e  t h a t  d i d n ' t  s h i f t  s t a y i n g  q u i t e  c o n s t a n t .  
U p l a n d  g r a s s l a n d  s h o w s  v e r y  l i t t l e  f u n c t i o n a l  c h a n g e s .  T h e  l a r g e n u m b e r s  o f  c o r r e l a t i o n s  i n  
t h e  m a r g i n a l  u p l a n d s  a n d  s u m m a r y  g r o u p s  a r e  c o l l e c t i o n s  o f  d i s t r i b u t i o n  r e l a t e d  t r a i t s  n o t  
i n d i c a t i v e  o f  a n y  p r o c e s s  o f  c h a n g e .  
B o g s  a n d  h e a t h s .  N o  c h a n g e .  
S u m m a r y .  
' S t a y  t h e  s a m e '  a n a l y s i s .  D e t e c t i n g  s u b t l e  c h a n g e s  i n  p l o t s  w h o s e  v e g e t a t i o n  r e m a i n e d  
s u p e r f i c i a l l y  t h e  s a m e .  
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•  I n c r e a s e d  d i s t u r b a n c e  t o  c r o p s  g r o u p  e s p e c i a l l y  i n  t h e  a r a b l e  l a n d s c a p e .  
•  P o s s i b l e  e u t r o p h i c a t i o n  o f  t a l l  g r a s s l a n d  i n  a r a b l e  l a n d s c a p e .  
•  E u t r o p h i c a t i o n  o f  e u t r o p h i c  g r a s s l a n d  m a i n  p l o t s  i n  a r a b l e  l a n d s c a p e .  
•  E u t r o p h i c a t i o n  a n d / o r  d e r e l i c t i o n  i n  l o w l a n d  g r a s s l a n d  r o a d  v e r g e s  a n d  s t r e a m s i d e s .  
•  E u t r o p h i c a t i o n  o f  l o w l a n d  w o o d s  a n d  h e d g e s  i n  t h e  p a s t u r a l l a n d s c a p e .  
' 7 8 - B a s e d '  A n a l y s i s  
T h i s  a n a l y s i s  f o l l o w s  t h e  f a t e  o f  p l o t s ,  m a n y  o f  w h i c h  m a y  h a v e  c h a n g e d  e c o t o p e  g r o u p s  
b e t w e e n  1 9 7 8  a n d  1 9 9 0  i . e .  p l o t s  t h a t  h a v e  b e e n  s u b j e c t  t o  e x t r e m e  c h a n g e s  i n  m a n a g e m e n t .  
T h e  m a t r i c e s  o f  c h a n g e  f o r  p l o t s  i n  d i f f e r e n t  l a n d s c a p e  t y p e s  c a n  t h e r e f o r e  a c t  a s  a  
v e r i f i c a t i o n  f o r  s o m e  o f  t h e  c o n c l u s i o n s  r e a c h e d  i n  t h e  f u n c t i o n a l  a n a l y s e s .  
C r o p s  s h o w  q u i t e  d i s t i n c t  p a t t e r n s  o f  c h a n g e  a c r o s s  l a n d s c a p e  t y p e s .  C h a n g e s  i n  m a n y  g r o u p s  
a l l  p o i n t  t o  t h e  s a m e  c o n c l u s i o n .  I n  a r a b l e  a n d  p a s t u r a l  l a n d s c a p e s  s p e c i e s  o f  a r a b l e  h a b i t a t s  
w i t h  l o n g - l i v e d  s e e d  b a n k s  a r e  d e c r e a s i n g  a t  t h e  e x p e n s e  o f  l o n g e r - l i v e d ,  l a r g e r  s p e c i e s  
c h a r a c t e r i s t i c  o f  v a r i o u s  g r a s s l a n d  a n d  d e r e l i c t  h a b i t a t s .  T h i s  s u g g e s t s  d e r e l i c t i o n  a n d  i s  i n  
a c c o r d a n c e  w i t h  t h e  c h a n g e  o f  3 0 0 / 0  o f  c r o p  p l o t s  t o  v a r i o u s  g r a s s l a n d  t y p e s .  
T a l l  g r a s s l a n d  s h o w s  m o r e  c h a n g e s .  H e d g e r o w  p l o t s  s h o w  f a i r l y  c o n s i s t e n t  i n d i c a t i o n s  o f  
c h a n g e  a c r o s s  l a n d s c a p e  t y p e s  a n d  w h e n  t a k e n  a s  a  w h o l e .  R u d e r a l  s p e c i e s  o f  a r a b l e  a n d  
r e g u l a r l y  m a n a g e d  h a b i t a t s  a r e  g i v i n g  w a y  t o  l a r g e - s e e d e d ,  l a r g e  c o m p e t i t i v e  s p e c i e s  
c h a r a c t e r i s t i c  o f  s h a d y  a n d  w o o d e d  h a b i t a t s .  T h i s  i n d i c a t e s  d e r e l i c t i o n  o f  t h e s e  p l o t s .  M a n y  
p l o t s  a c c o r d i n g l y  m o v e d  i n t o  t h e  l o w l a n d  w o o d s  a n d  h e d g e s  e c o t o p e  g r o u p .  A s  m a t r i c e s  o f  
c h a n g e  a r e  n o t  a v a i l a b l e  f o r  i n d i v i d u a l  p l o t  t y p e s ,  t h i s  c a n n o t  b e  r e l i a b l y  v e r i f i e d .  I n  o t h e r  p l o t  
t y p e s ,  n o  c h a n g e s  w e r e  d e t e c t e d .  
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E u t r o p h i c  g r a s s l a n d  s h o w s  h i n t s  o f  t h e  s a m e  p r o c e s s e s  o c c u r r i n g  i n  r o a d  v e r g e s  i n  b o t h  t h e  
a r a b l e  a n d  p a s t u r a l  l a n d s c a p e s  a n d  i n  a r a b l e  s t r e a m s i d e  p l o t s ,  a n d  a l s o  i n  a l l  p a s t u r a l  p l o t  
t y p e s  t o g e t h e r .  A l l  t h e s e  g r o u p s  s h o w  a n  i n c r e a s e  i n  l a r g e ,  l o n g - l i v e d ,  c o m p e t i t i v e  s p e c i e s  a t  
t h e  e x p e n s e  o f  r u d e r a l  s p e c i e s  L e .  d e r e l i c t i o n .  T h e  l a c k  o f  m o r e  d e f i n i t i v e  i n d i c a t i o n s  o f  
p r o c e s s e s  o f  c h a n g e  m a y  b e  d u e  t o  t h e  v a r i e t y  o f  d i r e c t i o n s  i n  w h i c h  p l o t s  m o v e d  b e t w e e n  
1 9 7 8  a n d  1 9 9 0 .  I n  b o t h  a r a b l e  a n d  p a s t u r a l  l a n d s c a p e s  h u g e  n u m b e r s  o f  p l o t s  m o v e d  f r o m  
e u t r o p h i c  g r a s s l a n d  t o  o t h e r  g r a s s l a n d  e c o t o p e  g r o u p s  a n d  a l s o  t o  t h e  c r o p s  g r o u p .  T h e s e  
c h a n g e s  a r e  v e r y  d i f f e r e n t  f u n c t i o n a l l y ,  a n d  w o u l d  g i v e  a  v e r y  c o n f u s e d  p i c t u r e .  
T h e  d e r e l i c t i o n  m a y  b e  d u e  t o  t h e  2 1 %  s h i f t  o f  p l o t s  f r o m  e u t r o p h i c  g r a s s l a n d  t o  t a l l  
g r a s s l a n d .  
T a l l  g r a s s l a n d  s h o w s  f a i r l y  c o n s i s t e n t  i n d i c a t i o n s  o f  d e r e l i c t i o n  a n d  i n  s o m e  c a s e s  
e u t r o p h i c a t i o n  a c r o s s  t h e  p a s t u r a l  l a n d s c a p e  a n d  t h r o u g h o u t  r o a d  v e r g e  p l o t s ,  t h e s e  t r e n d s  
a l s o  s h o w  u p  i n  h i g h e r  s u m m a r y  g r o u p s  o f  p l o t s .  
T h r o u g h o u t  r o a d  v e r g e s  t h e  t r e n d  i s  t o w a r d s  l a r g e ,  l o n g - l i v e d  c o m p e t i t i v e  s p e c i e s  a t  t h e  
e x p e n s e  o f  s m a l l e r ,  s h o r t - l i v e d  s p e c i e s  i . e .  d e r e l i c t i o n .  T h e r e  i s  a l s o  a  h i n t  i n  t h e  l e s s  
i n t e n s i v e  m a r g i n a l  u p l a n d  l a n d s c a p e  o f  e u t r o p h i c a t i o n  a c c o m p a n y i n g  d e r e l i c t i o n ,  a s  s t r e s s  
t o l e r a n t  s p e c i e s  o f  s p e c i e s  r i c h  h a b i t a t s  a r e  a l s o  d e c r e a s i n g .  
D e r e l i c t i o n  i s  s u g g e s t e d  i n  p a s t u r a l  s t r e a m s i d e s  a n d  a l l  s t r e a m s i d e s  t o g e t h e r  g i v i n g  a  
s u g g e s t i o n  o f  d e r e l i c t i o n  o f  l o w l a n d  g r a s s l a n d  t h r o u g h o u t  t h e  p a s t u r a l l a n d s c a p e . 
  
A s  a  w h o l e ,  t h e  e c o t o p e  g r o u p  s h o w s  s i g n s  o f  e u t r o p h i c a t i o n  a n d  d e r e l i c t i o n  w h i c h  c o u l d  b e 
  
l i n k e d  t o  t h e  l a r g e  s h i f t s  o f  l o w l a n d  g r a s s l a n d  p l o t s  t o  t a l l  g r a s s l a n d  a n d  e u t r o p h i c  g r a s s l a n d s 
  
( m o r e  d e r e l i c t  a n d  e u t r o p h i c  t y p e s )  a s  w e l l  a s  t o  w o o d l a n d  t y p e s . 
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L o w l a n d  w o o d s  a n d  h e d g e s  s h o w  c h a n g e s  i n  b o t h  a r a b l e  a n d  p a s t u r a l  l a n d s c a p e s  a n d  i n  t h e  
e c o t o p e  g r o u p  t h r o u g h o u t  a l l  l a n d s c a p e  t y p e s .  F o r  t h e  2  l a n d s c a p e  g r o u p s ,  t h e  s e t s  o f  
c o r r e l a t i o n s  a r e  f a i r l y  c o n s i s t e n t  a n d  s h o w  c h a n g e s  o c c u r r i n g  a s  w o o d l a n d  s p e c i e s  a n d  s p e c i e s  
o f  s h a d y  h a b i t a t s  a r e  l o s t  t o  b e  r e p l a c e d  b y  s p e c i e s  o f  m o r e  m a n a g e d  h a b i t a t s .  S e v e r a l  
c o r r e l a t i o n s  w i t h  t h e  ' h a r d '  n u t r i e n t  c o n c e n t r a t i o n s  t r a i t s  s u g g e s t  i n c r e a s e s  i n  s p e c i e s  o f  m o r e  
n u t r i e n t  r i c h  h a b i t a t s  i . e .  e u t r o p h i c a t i o n .  T h i s  i s  i n  a g r e e m e n t  w i t h  o b s e r v e d  s h i f t s  o f  o v e r  
2 5 %  o f  p l o t s  f r o m  g r o u p  5  t o  t h e  m o r e  i n t e n s i v e l y  m a n a g e d  t a l l  g r a s s l a n d  g r o u p  b e t w e e n  
1 9 7 8  a n d  1 9 9 0 .  
A c i d  w o o d s  s h o w  l i t t l e  c h a n g e .  N u m b e r s  o f  p l o t s  i n  i n d i v i d u a l  l a n d s c a p e s  i s  q u i t e  l o w  a n d  a s  
a  w h o l e ,  p l o t s  m o v e d  f r o m  g r o u p  6  t o  t h e  l e s s  i n t e n s i v e  g r o u p  7  a n d  t o  t h e  m o r e  i n t e n s i v e l y  
m a n a g e d  l o w l a n d  g r a s s l a n d  a n d  w o o d l a n d  g r o u p s ,  g i v i n g  l i t t l e  n e t  c o n s i s t e n t  s h i f t .  
T h e  o n l y  e v i d e n c e  f o r  c o n s i s t e n t  p r o c e s s e s  o f  c h a n g e s  i n  s t r e a m s i d e  p l o t s  w h e r e  l o s s  o f  s t r e s s  
t o l e r a n t  s p e c i e s  o f  w o o d l a n d  a n d  s h a d y  p l a c e s  i s  a t  t h e  e x p e n s e  o f  s h o r t - l i v e d  s p e c i e s  o f  m o r e  
m a n a g e d  h a b i t a t s  s u g g e s t i n g  a t  l e a s t  i n c r e a s e s  i n  d i s t u r b a n c e  o f  t h e s e  p l o t s .  
U p l a n d  g r a s s l a n d  s h o w s  n o  o v e r w h e l m i n g  e v i d e n c e  o f  c h a n g e .  T h e  c o r r e l a t i o n s  a r e  r a t h e r  a  
m i x t u r e ,  p o s s i b l y  i n  a c c o r d a n c e  w i t h  t h e  m i x t u r e  o f  s h i f t s  i n  p l o t s  b e t w e e n  1 9 7 8  a n d  1 9 9 0 .  
P l o t s  m o v e d  t o  b o g s / h e a t h s ,  w o o d l a n d  a n d  g r a s s l a n d  g r o u p s .  
B o g s  I  h e a t h s  s h o w  a  m i x t u r e  o f  c o r r e l a t i o n s  w i t h i n  e a c h  g r o u p i n g  o f  p l o t s  t h a t  a s  a  g r o u p  
w o u l d  b e  r a t h e r  i n c o n c l u s i v e .  H o w e v e r ,  t h e  p a t t e r n  o f  c o r r e l a t i o n s  i s  v e r y  c o n s i s t e n t  a c r o s s  
a l l  g r o u p i n g s  s o  s o m e  i n t e r p r e t a t i o n  i s  p o s s i b l e .  A l l  s h o w  l o s s e s  o f  l a r g e - s e e d e d  s t r e s s  
t o l e r a n t  s p e c i e s  a t  t h e  e x p e n s e  o f  r u d e r a l  s p e c i e s  o f  a r a b l e  a n d  r e g u l a r l y  c u t  h a b i t a t s  w i t h  h i g h  
S L A s .  T h i s  v e r y  c o n s i s t e n t  s h i f t  w o u l d  b e  c o n s i s t e n t  w i t h  e u t r o p h i c a t i o n  a n d  i n c r e a s e d  
d i s t u r b a n c e  ( m o r e  i n t e n s e  m a n a g e m e n t )  a n d  m a y  c o i n c i d e  w i t h  s h i f t s  t o  u p l a n d  g r a s s l a n d .  
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S u m m a r y .   
~78-based' a n a l y s i s .  F o l l o w i n g t h e d i v e r g e n t f a t e  o f p l o t s f r o m  a c o m m o n s t a r t i n g p o i n t .   
•   D e r e l i c t i o n  o f  c r o p s  g r o u p  i n  a r a b l e  a n d  p a s t u r a l  l a n d s c a p e s .  
•   D e r e l i c t i o n  o f  t a l l  g r a s s l a n d  h e d g e r o w s .  
•   D e r e l i c t i o n  o f  e u t r o p h i c  g r a s s l a n d  i n  t h e  p a s t u r a l l a n d s c a p e  a n d  i n  r o a d  v e r g e s .  
•   D e r e l i c t i o n  o f  e u t r o p h i c  g r a s s l a n d  s t r e a m s i d e  p l o t s  i n  t h e  a r a b l e  l a n d s c a p e .  
•   E u t r o p h i c a t i o n  a n d  d e r e l i c t i o n  o f  t a l l  g r a s s l a n d  i n  t h e  p a s t u r a l  l a n d s c a p e  a n d  i n  
h e d g e r o w s  a n d  s t r e a m s i d e s .  
•   E u t r o p h i c a t i o n  a n d  i n c r e a s e d  d i s t u r b a n c e  i n  l o w l a n d  w o o d s  a n d  h e d g e s .  
•   I n c r e a s e d  d i s t u r b a n c e  i n  a c i d  w o o d l a n d  s t r e a m s i d e  p l o t s .  
•   E u t r o p h i c a t i o n  a n d  i n c r e a s e d  d i s t u r b a n c e  i n  b o g s  a n d  h e a t h s .  
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9 .  V E R G E  S T U D Y  
T h e  s u m m a r y  r e p o r t  p r e s e n t e d  a t  t h e  T e c h n i c a l  S u b - G r o u p  M e e t i n g  i s  
i n c l u d e d  i n  t h i s  s e c t i o n .  I t  i s  p r o p o s e d  t o  c o n t i n u e  t h e  r e c o r d i n g  d u r i n g  
t h e  c o m i n g  s u m m e r .  

E c o F a c t  6 A  - U n d e r s t a n d i n g  t h e  c a u s e s  o f  c h a n g e  i n  b i o d i v e r s i t y  i n  
l i n e a r  f e a t u r e s ;  a  s t u d y  o f  C u m b r i a n  r o a d s i d e  v e r g e s .  
I n t r o d u c t i o n  
T h e  c o n t r i b u t i o n  o f  l i n e a r  f e a t u r e s  t o  n a t i o n a l  b i o d i v e r s i t y  h a s  b e e n  w i d e l y  
r e c o g n i s e d  a l t h o u g h  w i t h  a  f o c u s  l a r g e l y  o n  h e d g e r o w s ,  f i e l d  b o u n d a r i e s  a n d  
w a t e r c o u r s e s .  R o a d s i d e  v e r g e s  h a v e ,  b y  c o m p a r i s o n  r e c e i v e d  r e l a t i v e l y  s c a n t  
t r e a t m e n t  a l t h o u g h  o f  t h e  1 2 7 1  s p e c i e s  a n d  a g g r e g a t e s  r e c o r d e d  i n  t h e  C S 9 0  s u r v e y  
5 8 %  w e r e  r e c o r d e d  a t  l e a s t  o n c e  o n  r o a d s i d e  v e r g e s .  
R e g a r d i n g  c h a n g e  b e t w e e n  1 9 7 8  a n d  1 9 9 0 ,  a n a l y s i s  o f  c o u n t r y s i d e  s u r v e y  r o a d  
v e r g e  p l o t s  r e v e a l e d  a  t r e n d  t o w a r d s  v e r g e  t y p e s  t y p i c a l  o f  o v e r g r o w n  c o n d i t i o n s  a n d  a  
r e d u c t i o n  i n  t h e  r e p r e s e n t a t i o n  o f  s p e c i e s  g r o u p s  a s s o c i a t e d  w i t h  u n i m p r o v e d  
g r a s s l a n d s .  A l s o  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d r o p  i n  m e a n  s p e c i e s  n u m b e r  p e r  v e r g e  
p l o t  f r o m  1 5  t o  1 3  w a s  d e t e c t e d  i n  a r a b l e  l a n d s c a p e s .  
I n  t h e  l i g h t  o f  t h e s e  f i n d i n g s  a  s t u d y  w a s  s e t  u p  t o  e l u c i d a t e  t h e  e f f e c t s  o f  
m a n a g e m e n t  p r a c t i c e s  a n d  t h e  n a t u r e  o f  t h e  v e g e t a t i o n  i t s e l f  o n  t h e  t r a j e c t o r y  o f  
v e g e t a t i o n  c h a n g e .  C u m b r i a n  r o a d  v e r g e s  a r e  i d e a l  s i n c e  f r o m  1 9 9 2  t o  1 9 9 4  a  s u r v e y  
o f  a l l  r o a d s i d e  v e r g e s  ( e x c l u d i n g  t r u n k  r o a d s  a n d  m o t o r w a y s )  w a s  c a r r i e d  o u t  b y  
C u m b r i a  C o u n t y  C o u n c i l .  T h e  k e y  r e s u l t s  w e r e  t h r e e f o l d :  
1 )  A n  i n v e n t o r y  o f  r o a d s i d e  v e r g e s  a c c o r d i n g  t o  l T E  v e r g e  t y p e .  
2 )  A  s e r i e s  o f  m a n a g e m e n t  p r e s c r i p t i o n s  f o r  e a c h  v e r g e  t y p e  d e s i g n e d  t o  e n h a n c e  a n d  
m a i n t a i n  p l a n t  s p e c i e s  r i c h n e s s  a n d  t h e  f l o r i s t i c  c h a r a c t e r  o f  e a c h  t y p e  w h i l s t  a l s o  
f u l f i l l i n g  r o a d  s a f e t y  r e q u i r e m e n t s .  
3 )  A  s e r i e s  o f  ' s p e c i a l '  v e r g e  s e g m e n t s  d e s i g n a t e d  t o  r e f l e c t  t h e  p a r t i c u l a r  r a r i t y  o r  
d i v e r s i t y  o f  t h e  p l a n t  a s s e m b l a g e s  p r e s e n t  b a s e d  u p o n  c o m p a r i s o n  w i t h  t h e  t o t a l  r a n g e  
o f  v a r i a t i o n  i n  C u m b r i a .  
T h i s  f r a m e w o r k  e n a b l e d  u s  t o  m a k e  a  r a n d o m  s e l e c t i o n  o f  r o a d  v e r g e s  c o n t a i n i n g  
' s p e c i a l '  s e g m e n t s  w h e r e  b o t h  t h e  m a n a g e m e n t  a n d  t h e  v e g e t a t i o n  t y p e  o f  t h e  w h o l e  
j u n c t i o n  t o  j u n c t i o n  s e c t i o n  w a s  k n o w n .  T a b l e  1  s h o w s  m a n a g e m e n t  p r e s c r i p t i o n s  
a n d  v e g e t a t i o n  t y p e s  a n d  i n d i c a t e s  t h a t  v e r g e  t y p e  d i c t a t e s  c u t t i n g  f r e q u e n c y  a n d  
t i m i n g .  T h e  o n l y  m a n a g e m e n t  d i f f e r e n c e s  a t t e n d i n g  d e s i g n a t i o n  a s  ' s p e c i a l '  i s  t h a t  a  
f u l l  w i d t h  c u t  i s  r e q u i r e d  e v e r y  t w o  y e a r s  r a t h e r  t h a n  f o u r  i f  u n d e s i g n a t e d .  T o  e a s e  
p r a c t i c a l  i m p l e m e n t a t i o n  o f  t h e  m a n a g e m e n t  p r e s c r i p t i o n s  t h e  s m a l l e s t  l e n g t h  o f  v e r g e  
t o  b e  m a n a g e d  h o m o g e n o u s l y  w a s  d e f i n e d  b y  t h e  c o u n c i l  a s  a  n o d e  t o  n o d e  s e c t i o n  o f  
r o a d  i e .  f r o m  o n e  j u n c t i o n  t o  a n o t h e r .  O n l y  a  p a r t  o f  t h e  l e n g t h  o f  a  s e c t i o n  s o  
s p e c i f i e d  m a y  b e  ' s p e c i a l '  a l t h o u g h  t h e  e n t i r e  s e c t i o n  w i l l  b e  m a n a g e d  a s  i f  i t  w e r e .  
M e t h o d s  
T h i r t y  v e r g e s  c o n t a i n i n g  ' s p e c i a l '  s e g m e n t s  w e r e  r a n d o m l y  s e l e c t e d  f r o m  
t h r o u g h o u t  t h e  c o u n t y .  A s  c a n  b e  s e e n  f r o m  t h e  l o c a t i o n  m a p  t h e  d i s t r i b u t i o n  o f  
s e l e c t e d  v e r g e s  a p p e a r s  s k e w e d  t o w a r d s  t h e  e a s t  r e g i o n .  I n  f a c t  7 5 0 / 0  o f  a l l  s p e c i a l  
v e r g e s  a r e  i n  t h e  e a s t  s i n c e  t h i s  r e f l e c t s  t h e  g r e a t e r  e x p o s u r e  o f  l i m e s t o n e  i n  t h i s  
r e g i o n .  O n l y  s i x  o u t  o f  e l e v e n  v e r g e  m a n a g e m e n t  t y p e s  a n d  t h e r e f o r e  v e g e t a t i o n  t y p e s  
w e r e  r e p r e s e n t e d  s i n c e  t h e  r e m a i n i n g  f i v e  t y p e s  w e r e  n o t  c o n s i d e r e d  e l i g i b l e  f o r  
s e l e c t i o n  a s  " s p e c i a l '  v e r g e s .  T h e  o t h e r  t w o  k e y  c r i t e r i a  f o r  s e l e c t i o n  w e r e  t h a t  t h e  
v e r g e s  s h o u l d  c o n t a i n  q u a d r a t s  s a m p l e d  b y  t h e  c o u n c i l  s u r v e y o r s  i n  t h e  1 9 9 2  s u r v e y ,  
a l s o  t h a t  p a r t  o f  t h e  v e r g e  b e  u n d e s i g n a t e d  t o  e n a b l e  c o m p a r i s o n  b e t w e e n  " s p e c i a l '  a n d  
n o n - ' s p e c i a l '  i n  t e r m s  o f  v e g e t a t i o n  c h a r a c t e r i s t i c s  a n d  t r a j e c t o r y  u n d e r  t h e  s a m e  
t r e a t m e n t .  
V e g e t a t i o n  r e c o r d i n g  f o l l o w e d  t h e  s t a n d a r d  c o u n t r y s i d e  s u r v e y  m e t h o d  f o r  
l i n e a r  p l o t s .  W i t h i n  e a c h  d e s i g n a t e d  a n d  u n d e s i g n a t e d  s e c t i o n  t h r e e  q u a d r a t s  w e r e  
l o c a t e d  r e p e a t i n g  t h e  1 9 9 2  q u a d r a t s  i n  t h e  s a m e  l o c a t i o n  w h e r e  p r e s e n t .  Q u a d r a t s  
m e a s u r e d  1 x 1 0  m e t r e s  w i t h  t h e  r o a d  e d g e  m a r k i n g  o n e  1 0  m e t r e  e d g e  o f  e a c h .  R o o t e d  
p r e s e n c e  o f  a l l  s p e c i e s  w a s  r e c o r d e d  a n d  a  c o v e r  v a l u e  e s t i m a t e d  t o  t h e  n e a r e s t  5 % .  
A d d i t i o n a l  s p e c i e s  p r e s e n t  i n  a  1 x 10  m e t r e  w i d t h  a d j a c e n t  t o  t h e  f i r s t  p l o t  m o v i n g  
a w a y  f r o m  t h e  r o a d  w e r e  a l s o  r e c o r d e d .  A d d i t i o n a l  m e a s u r e m e n t s  w e r e  m a d e  o f  l i t t e r ,  
v e g e t a t i o n  h e i g h t ,  d i s t u r b a n c e  a n d  a d j a c e n t  b o u n d a r y  d e t a i l s .  
T o  a c q u i r e  a  m o r e  a c c u r a t e  s p e c i e s  r e c o r d  e a c h  p l o t  w a s  v i s i t e d  i n  M a y  a n d  
a g a i n  i n  J u l y .  T o  a s s e s s  t h e  s t r u c t u r a l  i m p a c t  o f  t h e  s e a s o n a l  m a n a g e m e n t  c y c l e  p l o t s  
w e r e  v i s i t e d  a t  t h e  e n d  o f  S e p t e m b e r  a t  w h i c h  t i m e  l e a f  l i t t e r ,  b a r e  g r o u n d  a n d  s w a r d  
h e i g h t  w e r e  r e - r e c o r d e d .  T h e  c u t  s w a t h e  w i d t h  w a s  a l s o  m e a s u r e d  a n d  p h o t o g r a p h s  
t a k e n .  
A  p r e l i m i n a r y  c o m p a r i s o n  o f s p e c i a l  a n d  n o n - s p e c i a l  v e r g e s  
D e s i g n a t i o n  o f  s p e c i a l  v e r g e s  b y  c o u n t y  c o u n c i l  s u r v e y o r s  w a s  c a r r i e d  o u t  
a f t e r  r a p i d  e v a l u a t i o n  o f  e a c h  v e r g e  i n  t e r m s  o f  i t s  l T E  t y p e ,  a p p a r e n t  s p e c i e s  r i c h n e s s  
o r / a n d  t h e  a d d i t i o n a l  p r e s e n c e  o f  u n c o m m o n  s p e c i e s  s u c h  a s  D a c t y l o r h i z a  s p p .  A n  
i n i t i a l  c o m p a r i s o n  o f  s p e c i e s  r i c h n e s s  b e t w e e n  s p e c i a l  a n d  n o n - s p e c i a l  v e r g e  s e g m e n t s  
c o n f i r m e d  t h a t  d i f f e r e n c e s  i n  v e r g e  q u a l i t y  c o u l d ,  i n  o u r  d a t a s e t ,  b e  e x p r e s s e d  a t  l e a s t  
i n  p a r t  b y  d i f f e r e n c e s  i n  p l a n t  s p e c i e s  n u m b e r s  w i t h i n  r e p r e s e n t a t i v e  q u a d r a t s .  T h e  
g r a p h  b e l o w  g i v e s  a  c o m p a r i s o n  b a s e d  u p o n  M a y  d a t a .  A  s i g n i f i c a n t  d i f f e r e n c e  
( p < O . O I )  w a s  a l s o  o b t a i n e d  w h e n  J u l y  s p e c i e s  n u m b e r s  w e r e  c o m p a r e d .  
B o x p l o t ;  S p e c i a l  v  N o n - S p e c i a l  d e s i g n a t e d  v e r g e s  
S I G  p < O . 0 0 5  M a n n - W h i t n e y  
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F u r t h e r  a n a l y s e s  
1 )  T h e  t r a j e c t o r y  o f  t h e  v e g e t a t i o n  i n  e a c h  v e r g e  s e g m e n t ,  b o t h  d e s i g n a t e d  a n d  
u n d e s i g n a t e d ,  w i l l  b e  a n a l y s e d  b y  o r d i n a t i o n  o f  q u a d r a t  d a t a  f r o m  1 9 9 2  a n d  1 9 9 6 .  
I n t e r p r e t a t i o n  o f  c h a n g e s  w i l l  b e  a s s i s t e d  b y  t e s t i n g  f o r  c o r r e l a t i o n s  b e t w e e n  w e i g h t e d  
q u a d r a t  s c o r e s  f o r  k e y  p l a n t  a t t r i b u t e s  e g .  c a n o p y  h e i g h t ,  C S R  s t r a t e g y  w i t h  t h e  
p o s i t i o n  o f  p l o t s  o n  o r d i n a t i o n  a x e s .  
2 )  D i f f e r e n c e s  i n  s p e c i e s  r i c h n e s s  b o t h  i n  s p a c e  a n d  t i m e  w i l l  b e  f u r t h e r  e x p l o r e d  
u s i n g  a n a l y s e s  o f  v a r i a n c e .  
3 )  S t r u c t u r a l  c h a n g e s  d u e  t o  m a n a g e m e n t  w i l l  b e  s u m m a r i s e d  a n d  u s e d  t o  e l u c i d a t e  
r e s u l t s  f r o m  1 ) .  
• •  
•  •  •  
M a p  s h o w i n g  a p p r o x i m a t e  l o c a t i o n  o f  v e r g e s  s a m p l e d  f o r  E c o F a c t  6 a  
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1 0 .  H E D G E R O W  T R A N S E C T S  
A  b r i e f  r e p o r t  o n  t h e  s t a t u s  o f  t h i s  s t u d y  i s  i n c l u d e d  i n  t h i s  s e c t i o n .  

H e d g e r o w  t r a n s e c t s  
O b j e c t i v e  
T h e  r e s u l t s  o f  a  s t u d e n t  p r o j e c t  t o  a n a l y s e  c h a n g e s  i n  s p e c i e s  c o m p o s i t i o n  i n  
C u m b r i a n  h e d g e r o w s  b e t w e e n  1 9 7 8  a n d  1 9 9 0  h a v e  a l r e a d y  p r o v i d e d  i n s i g h t s  i n t o  t h e  
f a c t o r s  d r i v i n g  o b s e r v e d  t r e n d s  w h i l s t  t a k i n g  i n t o  a c c o u n t  s p a t i a l  d i f f e r e n c e s  i n  
s p e c i e s  c o m p o s i t i o n  b e t w e e n  p l o t s .  S i n c e  t h e  h e d g e r o w  i t s e l f  r e p r e s e n t s  a n  
e n v i r o n m e n t a l  a n d  b o t a n i c a l  g r a d i e n t  o f t e n  r e l a t e d  m o s t  s t r o n g l y  t o  m a n a g e m e n t  
f a c t o r s  a  m o r e  d e t a i l e d  a n a l y s i s  o f  w i t h i n - p l o t  v a r i a t i o n  m a y  r e v e a l  w i t h  a d d e d  c l a r i t y  
e c o l o g i c a l  p a t t e r n s  a s s o c i a t e d  w i t h  h e d e g r o w s  t h a t  h a v e  c h a n g e d  t h r o u g h  t i m e  a s  w e l l  
a s  b e i n g  d i f f e r e n t  i n  s p a c e .  T h e  o b j e c t i v e s  a r e  t h e r e f o r e  a s  f o l l o w s :  
•   T o  c h a r a c t e r i s e  t h e  b o t a n i c a l  g r a d i e n t  e x t e n d i n g  a w a y  f r o m  t h e  c e n t r e  o f  a  r a n d o m  
s a m p l e  o f  C u m b r i a n  h e d g e r o w s .  
•   T o  r e l a t e  t h i s  g r a d i e n t  t o  e n v i r o n m e n t a l  c o n d i t i o n s  s o  t h a t  v a r i a t i o n  c a n  b e  
a t t r i b u t e d  t o  a b i o t i c  c o n d i t i o n s  a n d  m a n a g e m e n t  e f f e c t s .  
M e t h o d s  
D u r i n g  t h e  s u m m e r  o f  1 9 9 6  l i n e a r  p l o t s  o r i g i n a l l y  r e c o r d e d  f r o m  C u m b r i a n  
h e d g e r o w s  i n  1 9 7 8  w e r e  r e s a m p l e d .  A  t o t a l  o f  8 2  p l o t s  w e r e  r e c o r d e d  a n d  w i t h i n  
e a c h  t w o  t r a n s e c t s  w e r e  l a i d  o u t  p e r p e n d i c u l a r  t o  t h e  l i n e  o f  t h e  h e d g e  w i t h  o n e  e n d  
s t a r t i n g  f r o m  t h e  c e n t r e  o f  e a c h .  S p e c i e s  a b u n d a n c e  w a s  r e c o r d e d  a l o n g  e a c h  t r a n s e c t  
a l o n g w i t h  e s t i m a t e s  o f  b a r e  g r o u n d ,  l i t t e r  a n d  b r y o p h y t e  c o v e r .  
P r o p o s e d  a n a l y s e s  
A n a l y s i s  o f  t h e  m o r e  d e t a i l e d  w i t h i n - p l o t  t r a n s e c t  d a t a  w i l l  i n c o r p o r a t e  t h e  
f o l l o w i n g :  
•   D e s c r i p t i o n  o f  h e d g e r o w  d a t a  b y  C u m b r i a n  v e g e t a t i o n  c l a s s e s  
•   D e s c r i p t i o n  o f  t r a n s e c t  d a t a  i n  t e r m s  o f  s p e c i e s  r i c h n e s s ,  i n d i v i d u a l  s p e c i e s  
a b u n d a n c e  a n d  E l l e n b e r g  s c o r e s  
•   M u l t i v a r i a t e  a n a l y s i s  o f  t r a n s e c t  d a t a  
•   M u l t i v a r i a t e  c o r r e l a t i o n  o f  t r a n s e c t  v a r i a b l e s  w i t h  t r a n s e c t  a t t r i b u t e s  s u c h  a s  
d i s t a n c e  f r o m  c e n t r e  o f  h e d g e ,  v e g e t a t i o n  h e i g h t  a n d  a d j a c e n t  m a n a g e m e n t  

1 1 .  R I V E R  H A B I T A T S  S T U D Y  
D u r i n g  t h e  f i e l d  w o r k  p r o g r a m m e  f o r  t h e  R i v e r  C o r r i d o r s  S u r v e y  c a r r i e d  
o u t  b y  t h e  I n s t i t u t e  o f F r e s h w a t e r  E c o l o g y  ( I F E )  f o r  t h e  E n v i r o n m e n t  
A g e n c y ,  t w o  t y p e s  o f  i n f o r m a t i o n  w e r e  c o l l e c t e d  f o r  t h i s  p r o j e c t  i n  
a d d i t i o n  t o  t h e  s t a n d a r d  p r o c e d u r e .  
•  T h e  m a n a g e m e n t  c h a r a c t e r i s t i c s  o f  t h e  v e g e t a t i o n  b y  t h e  s t r e a m  
w e r e  r e c o r d e d  i n  a  s t a n d a r d  w a y  s o  t h a t  i n f o r m a t i o n  w o u l d  b e  
a v a i l a b l e  t o  c o - o r d i n a t e  w i t h  t h e  d a t a  o n  c h a n g e s  o n  r i v e r s i d e  
v e g e t a t i o n  b e t w e e n  1 9 7 8  a n d  1 9 9 0 .  F o r  e x a m p l e ,  v e g e t a t i o n  b y  
s t r e a m s i d e s  w h e r e  t h e  a n i m a l s  g r a z e  r i g h t  u p  t o  t h e  w a t e r s  e d g e  i s  
v e r y  d i f f e r e n t  f r o m  t h e  v e g e t a t i o n  o n  d i t c h e s  w i t h i n  a r a b l e  l a n d .  
•  A  s t a n d a r d  C S  1 9 9 0  r i v e r s i d e  q u a d r a t  1  x  1 0 m
2  
w a s  r e c o r d e d  i n  t h e  
c e n t r e  o f  t h e  m a n a g e m e n t  u n i t  s o  t h a t  t h e  m a n a g e m e n t  
c h a r a c t e r i s t i c s  c o u l d  b e  s u b s e q u e n t l y  l i n k e d  t o  t h e  p l o t  c l a s s e s  o f  
t h e  u n i f i e d  c l a s s i f i c a t i o n  w i t h i n  w h i c h  t h e  c h a n g e s  w e r e  l i n k e d .  

